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6. SUMMARY (i)-(xi) 
stady of trsasport phmom&as scrtsss 
mmhrm&8 Is oa© i>f th© aa^or ptobless in vtlcb 
the atQudsts and the biologists & m equally 
latemeted, Tpmea^a^ pmg^&as has b@ea m M a 
duHag laa© last d»cad© pettalaiog to m m b r m e 
diffiisloQ and transport pRjbiectg la var^iag 
fields of r&sostreih The litsmtiir© oa tb© 
subject, b o ^ th« ^eorepeal aad 
has reached isipresslva ptoportloosu Ptiyslco -
cbiBBlcai attacks tBv& been niade on seveRil 
biological probienis ©aefci saocdss. Sarfac© 
chesistty, solatlon tb^tr, colloid cbemlstry, 
©l«eti»cb€ialstry, eh©®icai kia«tics aad tSiefasody-
a&mies «tc.; wer» eisployod to ©laddata iSm 
mehanim end intricacies of doabrane phottOBjena, 
IJmi rec«at pmgress of the physl«»-ebeolcei aspect 
of aserobraae is entirely dn© to the application of 
title thezmodynamlcs, 
tbe lEost important advance in tbe study of 
stri&brane pb^oiBena according to Scatcbard 12) is the 
application of the thercsodynajslcs of Irroveralble 
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processes particularly in its phenoraenol6gical aspects, 
Staverraan (3) has for the first time applied it to 
membTane process which led to a more profound insight into 
the realm of this field. The various papers on the 
application of the thermodynamics of irreversible processes 
to membranes fehow an interesting contrast in their 
approach. In this field mention may be made of the works 
of Lorenz (4), Staverman (3,5), and Kirkwood (6). The 
methods of Onsager (7) have been -^ox't^Wby Staverman (3), 
Speigler (8), Kadem and Katchalsky (9,10). 
The most important and fundamental contribution 
to the study of membrane phenomena is that of Donnan (ll) 
whose pioneering work on membrane equilibria has given 
quite new dimensions to the study of membranes, Donnan 
tested his therory using copper ferrocyanide membranes 
which had been used by Pfeffer (12) and developed by 
Traube (13). Membranes of varying degrees of permeability 
and serai-permeability occur universally in plant and 
animal organisms, constituting there one of the 
fundamental devices which regulate the exchange of 
material and thus the flux of life. 
A precise and complete definition of the membrane 
is at present difficult to make, and any rr . I ^  
definition given to cover all the facets of membrane 
behaviour will be incomplete. According to Sollner (14) 
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" A membrane is a phase or structure interposed between 
two phases or compartments which obstructs or completely 
prevents gross mass movement between the latter, but 
permits passage, with various degrees of restriction, 
of one or several species of particles from the one to 
the other or between the two adjacent phases or compartments, 
and which thereby acting as a physico-chemical machine 
transforms with various degrees of efficiency according 
to its nature and the nature and composition of the two 
adjacent phases or compartments, the free energy of the 
adjacent phases or compartments or energy applied from 
the outside to the latter, into other forms of energy 
In simple terms (15) it may be described as "A 
phase, usually heterogeneous, acting as a barrier to 
the flow of molecular and ionic species present in the 
liquids and or vapours contactiig the two surfaces 
The term heterogeneous has been used to indicate the 
internal physical structure and external physico-chemical 
performance (16-20). From this point of view, most 
membranes in general are to be considered, heterogeneous, 
despite the fact that conventional' / membranes prepared 
from coherent gels have been called homogeneous. 
Membranes of porous character can be arbitrarily 
classified accorcfing to Sollner et al»(21) into two 
groups : membranes of high porosity as exemplified by 
ordinary dialyzing membranes; and " molecular sieve" or 
"ion sieve" membranes with pores so narrow that 
different low-molecular-weight species of molecules and 
ions are retarded to a differential degree or prevented 
all together from passing across them (14, 19). Membranes 
of both types, or porosity are found in living organisms 
and are therefore of primary biological importance. Of 
particular interest is the interplay between such membranes 
and solutions of electrolyte? that is, the electrolyte or, 
more correctly, the ion permeability of the membranes; 
and the concomitant electrical phenomena : the functional 
electrochemistry of membrane. The correlatbn of ionic 
membrane selectivity and concentration potential in formal 
electrochemical terms is the basic concept in the 
electrochemistry of membranes. 
The current theories on the transport of charged 
or uncharged particles across membranes according to 
Schlogl (22) can be roughly divided into the following 
three groups : 
Group one considers the membrane as a surface 
of discontinuity setting up different resistances to 
the passages of the various molecular or ionic species 
(23,24, 3). The driving forces are the differences of 
the general chemical potential between the two outer 
media. { Differences of pressure or electrical chemical 
potential are included in the general chemical potential ). 
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Group two considers the membrane as a quasi-
homogeneous intermediate phase of finite thielrness in 
which local gradients of the general chemical potential 
act as driving forces f25-36). Convection may also 
contribute to particle transport within the membrane. 
Group three considerr the membrane as a series of 
potential energy barriers lying one behind the other, thus 
f(Srming, in contrast to group two, an inhomogeneous 
intermediate phase ( 19,37 ). An (irregular) spatial 
lattice is formed due to the higher probability of finding 
a particle in the positions between the activation 
thresholds. The driving forces arise from the differences 
between the transition probabilities in opposite directions 
perpendicular to the membrane* 
This grouping attempts to classify the various 
mathematical approaches, according to the ideal models 
on which they are based. Many of the theories based on 
the Nernst-Planck flux equations are placed in the first 
group whereas those dealing with the principles of 
irreversible thermodynamics and the theory of rate 
processes are placed in the second and third groups 
respectively. According to Lakshminarayanaiah ri5) the 
theories of group one are based on the ideas of classical 
thermodynamics or quasi-thermodynamics which is restricted 
to isothermal systems. The theories of group two, apart 
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from being more rigorous and realistic, allow a better 
understanding of transport phenomena in membranes and 
is useful in dealing with non isothermal systems. The 
theories of group three contain parameters which are 
still unknown for membrane and hence have restricted 
applicability. 
According to Zwolinsky, Eyring and Reese (39) one 
of the basic phenomena for sustaining the growth and 
development of plants and organisms is that of diffusion. -
They have presented a detailed kinetic approach to diffusion 
which clarifies much established concepts and provide 
impetus to a fresh approach to the problems in the field of 
biological diffusion. The absolute rate theory treatment 
of diffusion and membrane permeability provides a general 
unified point of view applicable to systems of varying 
degrees of complexity. It is equally adaptable to the 
treatment of the permeabilities of membranes to 
electrolytes, to non-electrolytes under the deriving forces 
of a concentration gradient, and activity gradient, and 
external and internal potential gradient. Zwolinsky, 
Eyring and Reese (39) treatise on membrane diffusion is 
based on the "activated state" or the"transition state" 
theory. The first consideration along these lines were, 
however, published by Danielli (37). The treatment of 
Zwolinsky, Eyring and Reese (39) is essentially similar. 
They operate with four rate constants for diffusion 
in their energy profile Curves; ks ( in solution ); 
km ( in membrane )j ksm ( through solution-membrane ) and 
kms ( for membrane-solution ). 
Laidler and Schular (38) have also treated the 
kinetics of membrane transport under steady state conditions, 
They employ similar principles and express the rate 
constant of the overall process of surface penetration in 
terms of three specific rate constants. Various special 
cases are considered and discussed with reference to the 
experimental data. They developed flux equations for 
solvent and solute especially as a function of the osmotic 
and hydrostatic pressures across the membrane. In a further 
paper Schuler, Dames and Laidler (40) tested their 
expression on the diffusion of non-electrolytes and of 
water and also calculated the "energy of activation" and 
"entropy of activation". Recently Tien and Ting (41) 
have applied the theory of absolute reaction rates to 
diffusion processes through Bilayer Lipid Membranes and 
have derived the various thermodynamic quantities like " 
free energy of activation, enthalpy and entropy of 
activation etc. 
According to Teorell (42) in the early epoch of 
permeability, research one spoke of cation permeable 
(negative) or anion permeable (positive) membranes. In 
particular Michaelis (43) and his collaborators in the 
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twenties and early thirties characterized the permeability 
of dense membranes {dried collodion etc.) in terms of 
electrical potentials measured in a solution-membrane-
solution system. The potentials measured deviated 
markedly from those required by. Nernst-Planck equations for 
unrestrained diffusion. A first step towards a rational 
approach or explanation of the behaviour of this type of 
membrane was taken by Wilbrandt (44) who pointed out 
the similarity between the two phase boundry potentials at 
"Oil" membranes and the interfacial potentials at the dried 
collodion membranes to which he described a quasi-crystalline 
structure. According to complete exclusive cation permeability, 
he calculated the sum of these opposing interface potentials 
according to a mass law concept and assumed that this summed 
potential greatly exceed the diffusion potential due to 
the gradients in the pores. In connection with the work on 
the apparent ionic transfer number in cellophane membranes, 
Teorell (45) published an attempt to formulate a theory of 
the permeability of charged membranes of the Michaelis-
Wilbrandt type (46). 
The main features of the theory presented by 
Teorell were : 
(a) The membrane itself is regarded as having a 
charge due to either "adsorption", "dissociation" 
or polar character etc., but it is not necessary 
to make an^ ' further assumption as to its nature. 
The effect of the membrane is regarded as that 
of an "added ion" of a fixed homogeneous 
concentration. All ions were regarded as 
permeable through the membrane with given 
mobilities ( not necessarily different from 
those in free water). 
(b) There existspermanent Donnan equilibrium 
between the external solutions and the 
membrane surfaces. 
With these assumptions it v/as possible to give an 
expression for the Total Membrane Potential as equal to 
the sum of (a) Two Donnan potentials at the membrane 
boundries; (b) A common diffusion potential within the 
membrane (which for simplicity was always calculated from 
Henderson formula). Vl^ iivthe aid of the new formula one 
could explain the concentration effect quite satisfactorily. 
Independently in 1936; an identical theory was 
published at a greater length by Meyer and Sievers (26,47) 
who also in a number of later papers extended the 
applicability to liquid membranes and tested the theory 
in rrwvK^A^ experiments. The "fixed-charge" membrane theory 
in the original publication of Teorell-Meyer-Sievers (TMS) 
only aimed at describing the membrane potential in terms 
of ion-concentrations, ion mobilities, and membrane charge 
but the theory found great many applications which have 
been published during the last twenty five years. 
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The various ionic processefin membrane systems 
according to Teorell (48) are given below. According to 
him any complete membrane theory ought to cover all these 
five aspects and explain them, 
(i) Ionic transport, "flux", 
^ii) Membrane Potential. 
(iii) Electrical Conductivity, 
(iv) Ionic distribution equilibria. 
(v) Spatial distribution of the ions and the 
potential within the membrane. 
The flux is defined as : 
flux ^ total driving force x concentration x mobility 
and that the driving force can be built up in superposition 
from chemical, electrical and hydrostatic components, 
MEMBRANE POTENTIALS 
The electrical potentials arising across an ionic 
membrane separating different salt solutions are usually 
measured by constructing a cell of the type 
Reference j Solution • Membrane J Solution ; Reference 
electrode J C f * C i electrode » » I i 
Electrode Donnan Donnan Electrode 
Potential Potential Potential Potential 
Diffusion 
Potential 
The reference electrode may be reversible electrodes of 
the type Ag~AgCl standing in chloride solutions or 
calomel electrodes connected to the solutions via KCl-agar 
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bridges. In the former case the total potential measured 
is made up of two components, one the electrode potential 
and the other the membrane potential.- In the case of the 
latter, the cell potential gives directly the membrane 
potential ( Junction potentials are being ignored). These 
types of measurements have been used to characterize the 
selectivity of the membranes. 
The magnitude and sign of the potential depends 
on the nature of the membrane and the permeating species. 
If the membrane carried no fixed charges^ the potential 
would be the same as the liquid junction potential. Whereas 
if the membrane carried some fixed charges, the magnitude 
of the potential would be determined by the concentration 
of the external solutions and its sign by the nature of the 
fixed charge. However, it was found that many membranes, 
considered completely inert because of the absence of 
measurable quantity of fixed charges, have a tendency to 
generate an electrical potential. This was attributed to 
adsorption of cations or anions to make them anion or cation 
selective. The work of Sollner and of others have shown 
that in the case of nitrocellulose, the electromotive 
activity was due to the end and astray carboxyl groups of 
the nitrocellulose ( 49, 19, 20, 21). Membranes like these 
can be made cations selective (50) or anion selective (51) 
by making them adsorb large anions or large cations which 
may be held loosely or firmly. This property is very 
typical of many uncharged polymer membranes. 
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The work described in this thesis deals with the 
following aspects of membrane phenomena. 
(i) Determination of the permeability P of various 
electrolytes at different temperatures through parchment 
supported Silver Chloride, Silver Tungstate and 
Silver Phosphate membranes using the constant flow 
method under a steady state conditions. 
Activation energies and Eyring's activation 
parameters, H^ , the enthalpy of activation, AS^ , 
the entropy of activation and AG^" , the free energy of 
activation are calculated for diffusion process through 
investigated membranes. 
(ii) Determination of membrane resistance, R^ ,^ 
membrane potential, E^^^  and diffusion rates Dj^  for various 
alkali h.il metal and alkaline earth metal chlorides 
through the above mentioned membranes using the relation 
dQ 
dt Z^ + F R^ + tn 
2 E^ Z. -
( ) + — L z^ + z, Ec^ z^ + Z^ -
where : 
^m ~ membrane concentration potential 
R^ ^ electrolytic resistance of the membrane 
E = cationic potential 
Z^, Z^ - the valencies of cation and artion respectively 
F = Faraday ( 96,500 coulombs) 
dQ 
— — = diffusion rate 
dt 
(iii) Determination of membrane potentials across the 
above mentioned membranes in various electrolytes of 
different concentrations by the method recommended by 
Michaelis. Numerical values of the Donnan potentials, 
diffusion potentials, fixed ion concentration (wX ), 
transport number, and perm-selectivity were evaluated. 
(iv) Studies on the membrane resistance of Silver-
ferricyanide for various electrolytes at several dilu-tion 
by Sollner^s method. 
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CHAPTER 
STUDIES ON THE PERf^ /lEABILITY OF VARIOUS ELECTROLYTES 
THROUGH PARCHiVlENT SUPPORTED SILVER CHLORIDE. SILVER ^ 
TUNGSTATE AND SILVER PHOSPHATE MEMBRANES AT VARIOUS 
TEMPERATLTRES. 
INTRODUCTION : 
Investigations on the permeability of ions through 
inorganic membranes were mostly limited to copper ferro and 
ferricyanide gels ( Weiser, loc. cit, ). The experimental 
technique employed by Weiser was not expected to give 
accurate ^ata for interpretation, and hence a modified 
method was developed by Hartung and Co-workers (l) in the 
year 1944 { loc. cit.) for investigating the permeability 
of a number of anions through copper-ferrocyanide membrane. 
Of the inorganic membranes, in viw of their simpler 
performance as compared to natural and other synthetic 
ones, only copper ferro and ferricyanides have been 
studied with some details. Malik and Co-workers (2,3) 
have extended these studies to a large number of parchment 
supported metallic ferro and ferricyanides as well as 
metallic tungstates membranes. These authors have also 
reported the values of activation energy for the diffusion 
process through these membranes. More recently Tien and 
Ting (4) have reported the values of various Eyring's 
activation parameters (viz. enthalpy of activation, AHt: 
entropy of activation, AS'f ; and free energy of activation, 
for the diffusion of water through Bilayer Lipid 
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Merabrane. 
The work described in this chapter deals Mth the 
permeability studies on Silver Chloride, Silver Tungstate 
and Silver Phosphate parchment supported membranes, carried 
out more systematically and extensively employing Hartung's 
constant flow method (loc. cit.)*. These studies include 
determination of (i) permeability of various electrolytes 
at different temperatures (ii) activation energies for 
various electrolytes for diffusion process through these 
membranes (iii) Eyring's activation parameters ( the 
enthalpy of activation, the entropy of activation, the 
free energy of activation and the entropy factor for 
various electrolytes for diffusion process through these 
membranes.). 
The rate S of diffusion of solute across a porous 
membrane separating solutions of concentrations Cj^  and C^ 
reaches a steady value when the concentration gradient is 
approximately uniform throughout the membrane (5,6) and 
is given by 
. S - D AAC/t 
where D is the integral diffusion coefficient of 
the solute within the membrane, A and t are the effective 
cross-sectional area and length of the pores of the membrane 
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respectively and AC ( = concentration 
difference across the membrane. For one membrane therefore 
S = K D A C 
f 
where K ( = A/t) is a constant depending only on 
the dimensions anu physical structure of the membrane, The 
permeability P of the membrane is the amount of solute 
diffusing a©ross the membrane in unit time per unit 
concentration difference and therefore, 
P = S / A C = K D 
Now according to Laidler et al (7), the integral 
diffusion coefficient, D is given by the equation, 
D = AeE/I^T 
where E is the observed activation energy for 
diffusion and A is the frequency factor. Thus if 
log D ( or P ) is plotted against l/T the slope gives 
the energy of activation for the diffusion process. Now, 
also, 
D exp ( A ^ /R) exp (-Al-i+ /RT) (1) 
where ^ is the distance between the successive 
equilibrium positions of diffusing species,A st , the 
entropy of activation, A Hf the enthalpy of activation, 
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k, the Boltzmann constant; h, the Planck's constant; 
R, the gas constant and T, the absolute temperature 
respectively. 
The Eyring enthalpy of activation AH* is 
calculated from the activation energy E, using the 
reiatioh, 
AH"^  = E - RT 
+ H" 
Assuming A to be equal to 3 for K , Na' and 
Li and substituting the values of D in equation (l) 
A S^ , has been calculated. The free energy of activation 
is then calculated from the relation 
A g"^  = A H"*" - T hS^ 
Hov/ever in the case of bivalent cations ( Ba , 
+2 +2 +2 Ca , Sr ' and Mg ) the values of entropy factor 
S{exp , As"!" /R for diffusion has been evaluated 
and compared with that for free diffusion. 
EXPERIMENTAL : 
Preparation of Parchment Supported Silver Chloride 
Membrane : 
The membrane was prepared by impregnating 
parchment paper with the gel. The paper was first soaked 
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with distilled water, and then tied carefully to a 
glass tube (cylinder), A 0.2 M solution of Potassium 
Chloride ( B.D.H., A.R. Grade ) was-put inside the paper 
container which was then suspended for 72 hours in a 
0.2 M Silver Nitrate { B,D.H., A.R. Grade ) solution 
contained in a beaker. The solutions were then interchanged, 
Silver Nitrate was kept inside and Potassium Chloride 
outside the vessel, for another 72 hours. The process was 
repeated several times, until e very fine deposite of 
Silver Chloride was obtained on the paper. The membrane, 
thus obtained was white in colour. The membrane was 
washed repeatedly with double distilled water for the 
complete removal of adsorbed electrolytes. The membrane, 
white in colour, was then examined under a microscope, a 
fine and uniform deposition throughout the membrane was . 
observed i 
The same procedure was adopted for the preparation 
of Silver Tungstate, Silver Phosphate and Silver 
Ferricyanide Membranes with the only difference that instead 
of 0.2 M solution of Potassium Chloride, 0.2 M solutions 
of Potassium Tungstate, Potassium Phosphate and Potassium 
Ferricyanide were taken respectively. The membranes thus 
obtained were of brown, deep yellov/ and deep red in colours 
respectively and there were a fine and uniform deposition 
throughout the whole surface. All the membranes were 
washed repeatedly with distilled water for the complete 
removal of the adsorbed electrolytes and were kept in 
double distilled water. 
SOLUTION 







Fig. 1. Schematic diagram of the permeability apparatus usef for the leasurement of membrane i^rmeability 
cell; M_N-manometer H., platinized platinum 
electrodes. 
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frpparatus and Experimental Procedures : 
The diffusion experiments for permeability 
determination were carried out following the method of 
Austin, Hartung and Wills which utilised the constant flow 
principle (.• ,1:). This method gave very accurate and 
reproducible data for the diffusion rates which are quite 
essential for the elucidation of the factors governing 
permeability of solutes through membranes. The salient 
t features of the apparatus are : 
(i) Considerably increased size of the membrane. 
(ii) Decrease in the actual volume of the permeability 
cell, enabling equilibrium to be reached more 
quickly. 
(iii) Stirring of the lower half of the cell. 
(iv) More rigid control of all the essential parts 
of the apparatus, of the rates of flow and of 
the hydrostatic pressure on either side of the 
membrane. 
Description of t^e Apparatus : 
The apparatus is diagramatically represented in 
Fig. (l). The permeability cell is in the central section 
and consists of twin flat glass (pyrex) vessels with flanges 
ground to fit together. The internal dimensions of each 
gialf cells are approximately 50 mm diameter and 4 mm deep. 
The lower half of the cell rests on the electromagnetic stirrer 
plate. The membrane is held between the two half cells by ' ^ 
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rubber rings. The two half of the cells are fitted 
firmly between the open portions of the three iron bars 
and screwed them tightly, 
Freshly prepared conductivity water ( triple-
distilled) enters from the glass tube through a stop-cock A 
and passes down the tube B and then upto C to the constant 
level head E where excess is removed by suction. From E, 
the water having now reached the temperature of the 
thermostat passes down D to the capillary F. From the 
capillary the water passes through a v/ide tube past 
manometer M into the lower half of the cell. On leaving 
the cell, the water passes N two lightly platinised 
electrodes H, which are used for analysing the effluent 
and then to exit K through a stopcock which is used to 
regulate the flow of water. The rate of flow is determined 
by collecting the effluent at K. The solution is supplied 
from 1-litre flask from which it enters the constant 
level head S, and flows continously through the top of the 
cell in essentially the same manner as for the lower half. 
The normal rate of flow of the electrolyte was about 
180 ml per hour. 
The pressure on each side of the membrane are 
shown by the m.anometer level in M and N and fine 
adjustments of pressure are made in such a v/ay that the 
difference in the level of the two manometer is very 
negligible. The lower half of the cell is ttirred by means 
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In commencing the experiment, the main precaution 
was to exclude the air from the cell. The still is 
started, out-let blocked, the lower of the half cell 
allowed to fill with water and the first rubber ring 
placed on the lower flange. The well washed membrane, 
cut to a size intermediate between inner and outer diameter 
of the ring, is then carefully floated on to the surface 
and any entrapped air bubble removed, The npper rubber ring 
is next placed on the top of this ring. Holding the cell 
touether, the sleeve is adjusted and then the saddle plate 
placed over the cell and screwed down tightly. 
The thermostat is now filled and brought in to 
operation* Liquid entering the upper half of the cell 
automatically displaces the air, and any bubbles removed 
by blowing. The hydrostatic pressures on each side of 
the membrane was always kept equal by maintaining the 
flow of electrolyte and conductivity water across the 
membrane. Solution flow is then started through the 
upper half and conductivity water through the lower half 
of the cell. The analysis of the effluent coming out of 
the lower half cell was made conductometrically ( when a 
steady state is reached)-by a W.T.W. type L.B.R. bridge. 





















o 1.0 1.4 1.8 2.2 2.6 
Fig. 17: Plots of conductance against concentration 
of KCl Solution of varying concentrations 
at different temperatures. 
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concentration of-effluent coming out of the lower half of 
the cell ( from concentration conductance curves) the 
permeability in millimoles per hour was determined at 
10°, 15°, 20°, 25° and 30® C. 
-26-
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TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. 







(milli- (k cal/mole) 
mole/hr) 
10 2.98 X 10-^ 0.682: 0.1227 
15 3.96 X 10-4 0.895- 0.1612 
20 4.87 X 10-4 1.028 0.1850 6.442 
25 5.64 X 10-4 1.216 0.2188 
30 6.40 X 10-4 1.444 0.2600 
( Fig. 18, Curve 1 ) 
TABLE ~ 2 
PERMEABILITY OF 0.2 M NaCl THROUGH SILVER CHLORIDE 













(k cal/ mole) 
10 10.28 X 10-4 0.4365 0.0786 
15 13.00 X 10-4 0.5367 0.0966 
20 17.15 X 10-4 0.6874 0.1238 6.217 
25 19.84 X 10-4 0.7876 0.1418 
30 24.62 X 10-4 0.9817 0.1767 
( Fig. 24, Curve 2 ) 
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TABLE,- 3 
PERMEABILITY OF 0.2 M LiCl THROUGH 






Concentration Permeabi- Activation 
(millinioies) llty energy 
(miill- (k cal/mole) 
mole/hr) 
10 9. 64' X 10-^ 0.4169 0.0750 
15 11.78 X 10-^ 0.4732 0.0852 
20 15.48 X 10-^ 0.5702 0.1030 5.987 
25 17.25 X 0.6670 0.1200 
30 23.40 X 10-^ 0.8020 0.1445 
( Fig. 18, Curve 3 ) 
TABLE - 4 
-PERMEABILITY OF 0.2 M KNO3 THROUGH SILVER CHLORIDE 














10 2.85 X 10-^ ^ 0.-575''' 0.1036 
15 3.50 X 10-4 0.708f 0.1274 
20 4.20 X 10-4 0.794; 0.1430 5.204 
25 5.30 X 10-4 0.901. 0.1623 
30 6.10 X 10-^ 1.046 0.1883 
( Fig. 19, Curve 1 ) 
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TABLE ~ 13 
PERMEABILITY OF 0.2 M BaCI, THROUGH 
MEMBRANE 
THROUGH 
AT VARIOUS TEMPERATURES. 
SILVER CHLORIDE 





(milli- (k cai/mole) 
mole/hr) 
10 9.34 X 10-^ 0.2978 0.0536 
15 1.29 X 10-^ 0.3527 0.0634 
20 1.63 X 10-^ 0.4267 0.0768 5.988 
25 2.19 X 10-4 0.5012 0.0902 
30 3.09 X 10-4 0.6496 0.1169 
{ Fig. 19, Curve 2 ) 
TABLE - 6 
PERMEABILITY OF -0.2 M K2S0^ 
MEMBRANE 
THROUGH 

















1.78 X 10 
2.52 X 10 
3.17 X 10 
4.02 X 10 
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TABLE - 7 
PERMEABILITY OF 0.2 M 




Temp* Conductance Concentration 
C.) (mhos) (millimol€s) 
Permeabi- Activation 
litv enerqy 
(miili- (k cai/mole) 
mole/ hr) 
^10 9.12 X 10-s 0.1202 0.0216 
is 1.31 X 10-^ 0.1400 . 0.0252 
20 1.66 X 10-^ 0.1658 0.0298 
25 1.93 X 10-^ 0.1925 0.0347 
30 2.42 X 10"^ 0.2188 0.0394 
4.946 
( Fig. 19, Curve 5 ) 
table > 8 
PERMEABILITY OF 0.2 M Kg^eCy^ THROUGH SILVER CHLORIDE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 
(« C.) (mhos) (millimoles) 
Permeabi- Activation 
lity energy 
(milli- (k cal/ mole) 
raole/hr > 
15 3 • X 10-^ 0.0260 0.0046 
20 4.64 X 10-^ 0.0319 0.0057 
25 6.60 X 10-^ 0.0389 0.0070 6.564 
30 8.32 X 10-^ 0.0457 0.0082 
( Fig. 19, Curve 4 .) 
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TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 












3.32 X 10 
5.13 X 10 
5.76 X XO 














( Fig,19, Curve 6) 
TABLE - 10 
PERMEABILITY OF 0.2 M NaNO, THROUGH SILVER CHLORIDE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 








10 1.43 X 10-^ 0.4097 0.0718 
15 1.80 X 10-4 0.4808 0.0865 
20 2.23 X 10-4 0.5754 0.i036 5.297 
25 2.81 X 10-4 0.6950 0.1251 
30 3.70 X 10-4 0.7623 0.1373 
( Fig. 24, Curve 2 ) 
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TABLE ~ 13 
PERMEABILITY OF 0.2 M BaCI, THROUGH 
MEMBRANE 
THROUGH 
AT VARIOUS TEMPERATURES. 
SILVER CHLORIDE 




(milli- (k cal/mole) 
mole/hr) 
10 1.40 X io-4 0.2623 0.0472 
15 1.74 X 10-^ 0.3260 0.0517 
20 2.18 X 10-^ 0.3807 0.0694 5.882 
25 2.51 X 10-^ 0.4705 0.0847 
30 3.37 X 10-^ 0.5844 0.1052 
( Fig. 18, Curve 5 ) 
TABLE « 12 
PERMEABILITY OF 0.2 M Na2S0^ THROUGH 















10 1.95 X 10"^ 0.2634 0.0474 
15 3.02 X lO"'^  0.3118 0.0561 
20 5.01 X lO""^  0.3705 0.0667 5.560 
25 8.13 X 10"^ 0.4414 0.0795 
30 11.76 X lO"^  0.5020 0.0904 
( Fig. 19, Curve 3 ) 
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TABLE ~ 13 
PERMEABILITY OF 0.2 M BaCI, THROUGH SILVER CHLORIDE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 
(°C.) (mhos} (milliffioles) 
Permeabi- Activation 
lity energy 
jmilli- (k cai/mole) 
mole/hr) 
10 2.88 X 10-^ 0.2287 0.0411 
15 3.24 X 10-^ 0,2678 0.0482 
20 4.15 X 10-4 0.3083 0.0554 4.722 
25 4.78 X 10-4 0.3475 0.0625 
30 6.02 X 10-4 0.3855 0.0694 
( Fig. 20. Curve 4 ) 
TABLE ^ 14 
PERMEABILITY OF 0.2 M CaClo THROUGH SILVER CHLORIDE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. 
C.) 
Conductance Concentration Permeability Activation 
(mhos) (millimoles) (milli- energy 
mole/hr) (k cal/mole) 
10 2.40 X 10-4 0.4312 . 0.0776 
15 2.90 X 10-4 0.5012 0.0902 
20 3.50 X 10-4 0.5754 0.1036 5.300 
25 4.30 X 10-4- 0.6744 0.1214 
30 5.72 X 10-4 0.7756 0;1396 
( Fig. 19, Curve 3 ) 
TABLE - 1 5 
PERMEABILITY OF 0.2 M SrCl^ THROUGH SILVER CHLORIDE 
MEMBRANE AT VARIOUS TEMPERATURES. 








(k cal/ mole) 
10 2.05 X 10^ 0.3040 0.0547 
15 2.76 X 10-^ 0.3365 0.0607 
20 3.40 X 0.3802 0.0684 4.836 
25 4.20 X 0.4365 0.0786 
30 5.78 X 10-^ 0.5012 0.0922 
( Fig. 20. Curve 3 ) 
TABLE - 16 
PERMEABILI lY OF 0.2 M 
MEMBRANE 
MgCl^ 
AT VARIOUS TEMPERATURES. 
THROUGH SILVER CHLORIDE 
Temp. Conductance Concentration Permeabi- Activation 
(°C.) (mhos) (millimoles) lity energy 
(milli- (k cal/mole) 
mole/hr) 
10 2.24 X 10-^ 0.3564 0.0641 
15 2.70 X 10-4 0.4086 0.0735 
20 3.47 X 10-4 0.4695 0.0845 4.952 
25 4.10 X io-4 0.5354 0.0964 
30 5.26 X 10-4 0.6067 0.i092 
( Fig. 20, Curve 2 ) 
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TABLE "26 
PERMEABILITY OF 0.2 M K^FeCy^ THROUGH SILVER TUNGSTATE 







Conductance Concentration Petraeabl- Activation 
(mhos) (millimoles) lity energy 
(milli- (k cal/mole) 
mole/hr) 
9.56 X 10 
1^20 X 10 
1.31 X 10 
1.'82 X 10' 
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Fig. 21. Plots of logioCp X 10^) apainst I/T x 10^ for 
various electrolytes (l) KCl; (2) NaNOs; (3)NaCl; 
LiCl; (5) GHgCOONa; and (6) Na2S04) for Silver 
Tungstate Membrane. 
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TABLE - 18 
PEMABILITY OF 0,2 M KCl THROUGH 
MEMBRANE AT VARIOUS TEMPERATIBES. 
SILVER TUNGSTATE 




fimilli- • (k cal/mole) 
mole/hr) 
10 3.54 X 10-^ 0.870C 0,1567 
15 4.47 X 10-^ 1.065 0.1905 
20 5.23 X 10-^ 1,229 0.2213 6,218 
25 6.03 X 1.427 0.2570 
30 7.24 X lo--' 1,677 0.3020 
(Fig, 21, Curve i) 
TABLE - 19 
PERMEABILITY OF 0.2 M NaCl THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Tenlp. Conductance Concentration 
(®C.) (mhos) (miliimoies) 
Permeabi- Activation 
lity energy 
(milli- (k cal/mole) 
moie/hr) 
10 12.30 X 10-4 0.5248 0.0944 
15 15,50 X 0.6377 0.1148 
20 19,10 X 10-"^  0.7700 0.1396 
25 23.00 X 10-4 0.9116 0.1641 
30 25.12 X 10-4 1.P58 0 0,1905 
5.988 
( Fig, 21, Curve 3 ) 
TABLE- 20 
PEFIMEABILITY OF 0.2 M LiCl THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TEMPERATURES. 




{milli- (k cal/mole) 
mple/hr) 
10 9,78 X 10" 
15 12.92 X 10 
20 J7.40'x 10 
25 19.95 x 10 
















{ Fig. 21, Curve 4 ) 
TABLE - 21 
PERMEABILITY OF 0.2 M KNO^ THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TE?^ERATURES. 
Temp. Conductance Concentration 








10 3.32 X 10-^ 0.6789 0.d202 
15 3.90 X 10-^ 0.7755 0.1396 
20 4.68 X 10-^ 0.8806 0.1585 5.067 
25 5.76 X 10-^ 0.9994 0.1799 
30 7.25 X 10-^ 1.134 0 0.2042 
( Fig. 22, Curve 1 ) 
-38-
TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. 










10 ,1.26 X 10^ „ 0.3505 0.0631 
15 1.42 X 10-^ 0.4071 0.0733 
20 1.92 X 10-^ 0.4889 0.0881 5.768 
25 2.57 X 10-^ 0.5683 0.1023 
30 3.16 X 10-4 0.6606 0.1189 
{ Fig. 22, Curve 2 ) 
TABLE -23 
PERMEABILITY OF 0.2 M K^SO^ THROUGH 
MEMBRANE AT VARIOUS TEMPERATURES. 
SILVER TUNGSTATE 











2.10 X 10 
2.58 X 10 
3.54 X lO' 
4.17 X 10 
















( Fig. 24, Curve 2 ) 
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TABLE - 24 
PERMEABILITY OF 0.2 M K2C20^ THROUGH SILVER TUNGSTATE 
Me^BRANE AT VARIOUS TEMPERATURES. 
Temp, Conductance Concentration 













1.07 X 10 
1.38 X 10 
1.74 X 10 
2.10 X 10 
















( Fig. 22, Curve 5 ) 
TABLE - 25 
PERTIAEABILITY OF 0.2 M K3FECYG THROUGH SILVER TUNGSTATE 
MEMBR^^E AT VARIOUS TEMPERATURES. 
Temp. 
(°C.) Conductance Concentration (mhos) (millimoles) 
Permeabi- Activation 
lity energy 
(milli- (k cal/mole) 
mole/hr) 
15 3.98 X 10-^ 0.0291 0.0052 
20 5.02 X 10-S 0.0350 0.0063 6.219 
25 6.92 X 10-^ 0.0407 0.0073 
30 8.71 X 10-^ 0.0484 0.0087 
( Fig, 22, Curve 4 ) 
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TABLE "26 
PERMEABILITY OF 0.2 M K^FeCy^ THROUGH SILVER TUNGSTATE 







mole/hr) (k cal/mole) 
15 3.64 X lO"^ 0.0204 0.0037 
20 5.02 X lo"^ 0.0248 0.0045 6.450 
25 6.31 X 10"^ 0.0305 0.0055 
30 7.60 X 10"^ 0.0338 0.0061 
( Fig. 22, Curve 6 ) 
TABLE- 27 
PERMEABILITY OF 0.2 M NaN03 THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration Permeability Activation 
(®C.) (mhos) (millimoles) (milli- energy 
mole/hr) (k cal/mole) 
10 1.56 X 10-4 0.4728 0,0851 
15 2.00 X 10-4 0.5492 0.0988 
20 2.52 X 10-4 0.6305 0.1135 5.067 
25 2.87 X 10-4 0.7497 0.1349 
30 3.98 X 10-4 0.8311 0.1496 
( Fig. 21, Curve 2 ) 
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TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 
(®C.) (mhos) (miilimoies) 
Permeabi- Activation 
lity energy 
(milli- {k cal/mole) 
mole/hr) 
10 1.62 X 10-^ 0.2915 0.0525 
15 1.80 X 10-^ 0;3386 0.0609 
20 2.34 X 0.4071 0.0732 5.768 
25 2^64 X 0.4844 0.8720 
30 3.16 X lo-'^  0.5492 0.0989 
( Fig. 21, Curve 5.) 
TABLE > 29 
PERMEABILITY OF 0.2 M Na^SO^ THROUGH SILVER TUNGSTATE 












10 2.20 X 10"^ 0.2849 0.0513 
15 •3.-18 X 10*^ 0.3234 0.0582 
20 •4.27 X 10"^ 0.3756 0.0676 5.064 
25 7.95 X 10"^ 0.4312 0.0776 
30 11.40X lO"^ " 0.4838 0.0871 
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TABLE - 30 
PERMEABILIT 
MEMBRANE AT VARIOUS TE^APERATURES. 
ITY OF 0.2 M BaCi^ THROUGH SILVER TUNGSTATE 
Temp. Conductance Concentration Permeabi- Activation 
(®C.) (mhos) (millitnoles) lity energy 
(milli- (k cal / mole) 
raole/hr) 
10 3.40 X 10-^ 
10-^ 
0.2849 0.0513 
15 4,00 X 0.3234 0.0582 
20 4.80 X 10"^ 0.3755 0.0676 4.836 
25 5.76 X 10-^ 0.4263 0.0767 
30 6.92 X 10"^ 0.4838 ' 0.0871 
( Fig. 23, Curve 4 ) 
TABLE ^31 
PERMEABILIl 
MEMBRANE AT VARIOUS TEMPERATURES. 
ILITY OF 0.2 M CaCl^ THROUGH SILVER TUNGSTATE 
Temp. Conductance Concentration Permeabi- Activation 
{°C.) (mhos) (millimoles) lity energy 
(milli- (k cal/ mole) 
mole/hr) 
10 2.52 X 10-^ 0.4567 0,0822 
15 2.93 X 0.5245 ' 0.0944 
20 3.81 X 10-4 0.6333 0.1148 
25 4.68 X 10-4 0.7238 0.1303 
30 6.32 X 10-4 0.8705 0.1567 
( Fig. 23, Curve 1 ) 
5.537 
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T/^ BLE - 32 
PERMEABILITY OF 0.2 M SrCl2 THROUGH SILVER TUNGSTATE 









( k cal/mole) 
10 2.10 X 10""^  
2.82 X 10"^ -4 X xcr 
4.46 X 10*"^  






25 0.47^8 0.0851 
30 0.5367 0.0966 
( Fig. 23, Curve 3 ) 
TABLE ^ 33 
PERMEABILITY OF 0.2 M MgCl^ THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TEMPERA'rURES. 
Temp. Conductance Concentration 













2.40 X 10 
3.16 X 10 
3 .80 X 10' 
















< F£g. 23, Curve 2 ) 
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JABLE - 34 
PERMEABILITY OF 0.2 M AlCl^ THROUGH SILVER TUNGSTATE 







(milli- (k cal/ mole) 
mole/hr) 
10 1.03 X 10-^ 0.0922 0.0166 
15 1.32 X 10"^ 0.1161 0.0209 
20 1.70 X 10-^ 0.1427 . 0;0257 6^48 
25 2.00 X 10-^ 0.1677 0.-0302 
30 2.57 X 10^ 0.1971 0.-0355 
( Fig, 23, Curve 6 ) 
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Plots of log-,Q(pxlO^) against I/TxlO^ for various 
electrolytes CI) KGl; (2) NaNos; (3) NaCl; (4)LiCl 




PERMEABILITY OF 0.2 M K^FeCy^ THROUGH SILVER TUNGSTATE 
MEMBRANE AT VARIOUS TEMPERATURES, 
Temp. Conductance Concentration 












2.76 X 10 
3.40 X 10' 
3.90 X 10" 
4.80 X 10 















{ Fig. 24, Curve 1 ) 
TABLE - 36 
PERMEABILITY OF 0.2 M NaCl THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 




(milli- (k cal/mole) 
mole/hr) 
10 8.72 X wl 10^ 0.3972 0.0708 
15 12.00 X 10-^ 0.4621 0.0832 
20 14". 80 X 10-^ 0.5677 0.1023 6.220 
25 17.74 X lo-'^  0.6528 0.1175 
30 21.00 X 10-^ 0.7666 0.1380 
( Fig. 24, Curve 3 ) 
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TABLE - 37 
PERMEABILITY OF 0.2 M 














10 7.60)510"^ 0.3073 0.0549 
15 10.00 X 0.3712 0.0668 
20 12.60 X 10"^ 0.4567 0.0822 6.103 
25 15ao X lO"^ 0.5428 0.0977 -
30 18.80 X 10"^ 0,6377 0.1148 
( Fig. 24, Curve 4 ) 
TABLE - 38 
PERMEABILITY OF 0.2 M KNOg THROUGH SILVER PHOSPHATE 














10 1.82 X lO'"^  0.5244 0.0944 
15 2.40 X lO"'^  
2.76 X lo"^ 
0.6233 0.1122 
20 0.7156 0.1288 5.296 
25 3.81 X 10"^ 0.8412 0.1514 
30 4.17 X 10""^  0.9543 0.1718 
( Fig. 25, Curve i ) 
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TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. 
f or \ 















8.72 X 10 
1.15 X 10 
1.52 X lO" 
2.00 X la 
















( Fig. 25, Curve 2 ) 
TABLE - 40 
PERMEABILITY OF 0.2 M K^S04 
MEMBRANE AT VARIOUS TEMPERATURES. 
THROUGH SILVER PHOSPHATE 
Temp. Conductance Concentration 
(®C.) (mhos) (millimoles) Permeabi- Activation lity energy 
(milli- (k cal/mole) 
mole/hr) 
10 1.66 X 10-^ 
Jk 
0,2316 0.0417 
15 2.24 X 0.2721 , 0.0489 
20 . 3,02 X 10-^ 0.3160 0.0569 5.295 
25 3,72 X 10-^ 0,3713 0,0668 
30 ^ 4.58 X 10-4 0,4214 0,0758 
( Fig. 24, Curve 2 ) 
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TABLE - 43 
PER¥,EABILITY OF 0.2 M K^FeCy^  THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp* Conductance Concentration 








10 8.70 X 10-^ 0.1108 0.0199 
15 1.15 X 0.1317 0.0237 
20 1.42 X 0.1530 0.0275 5.064 
25 1.82 X 10-^ 0,1736 0.0312^ 
30 2.30 X 10-^ 0.2017 0.0363 
( Fig. 25, Curve 5 ) 
TABLE 
PERMEABILITY OF 0.2 M K^^eO/^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 
(®C.) (mhos) (millimoles) 
Permeabi- Activation 
iity energy 
(milli- (k cal/mole) 
mole/hr) 
15 3.32 X 10-5 0.0236 0.0042 
20 4.58 X 10-5 e 0.0316 0.0056 6.679 
25 6.30 X 10-^ 0.0376 0.0067 
30 8.14 X 10-^ 0.0446 0.0080 
( Fig. 24, Curve 2 ) 
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TABLE - 49 
PER¥,EABILITY OF 0.2 M K^FeCy^ THROUGH SILVER PHOSPHATE 












15 3.18 X iO"^ 0.0175 0.0031 
20 4.36 xlO"^ 0,0216 0.0039 7.024 
25 5,24 X iO"^ 0.0255 0.0046 
30 6.90 X 0.0300 0.0054 
( Fig. 25, Curve 6 ) 
TABLE - 44 
PERMEABILITY OF 0.2 M NaMO^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp, Conductance Concentration Permeability Activation 
(®C.) (mhos) (millinioles) (milli- energy 
mole/hr) (k cal/mole) 
10 1.38 X 10-4 0.4024 0.0724 
15 1.74 X 10-4 0.4833 ' 0.0871 
20 2.30 X 10-4 0.5750 0.1035 5.527 
25 2.63 X 10^4 0.6605 0.1189 
30 3.64 X 10-4 0.7583 0»1365 
( Fig. 26, Curve 2 ) 
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TABLE ^ ^ 45 
PERMEABILITY 
MEMBRANE AT 
OF 0.2 M CH^COONa THROUGH 
VARIOUS, TEMPERATURES. 
SILVER PHOSPHATE 




(milli- (k cal/mole) 
mole/hr) 
10 1.28 X -4 10 0.2397 0»0431 
15 1>32 X 10-4 0.2784 0.0500 
20 1.50 X 10-4 0.3425 0.0616 5.987 
25 1.71 X 10-4 . 0.4047 0.0728 
30 1.96 X 10-4 0.4628 0.0851 
( Fig. 24, Curve 5 ) 
TABLE - 46 
PERMEABILITY OF 0.2 M NA^SO^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 







( k cal/mole) 
10 1.60 X -4 10 ^ 0,1955 0.0352 
15 2.46 X 10-4 0.2315 0.0417 
,20 4.61 X 10-4 0.2816 0.0507 
25 6.32 X 10-4 0.3233 0.0582 
30 9.10 X 10-4 0.3800 0.'0684 
5.758 
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TABLE - 47 
PERMEABILITY OF 0.2 M BaCl, THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 













2.50 X 10' 
3.16 X 10 
3.72 X 10 
4.36 X 10 
















{ Fig. 26, Curve 4 ) 
TABLE. - 48 
PERMEABILITY •OF 0.2 M CaCh THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp, Conductance Concentration 
'(®C.) (mhos) (millimoles) 
Permeabi- Activation 
lity energy 







2.24 X 10 
2.63 X 10 
3.24 X 10 
3.98 X 10 

















{• Fig. 26, Curve 1 ) 
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TABLE - 49 
PERMEABILITY OF 0.2 M SrCl^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp, Conductance Concentration 














2.52 X 10 
3.17 X 10 
4.00 X 10' 
















(Fig. 26, Curve 3) 
TABLE - 50 
PERMEABILITY OF 0.2 M MgCl^ THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp. Conductance Concentration 













1.91 X 10 
2.40 X Ip 
3.02 X 10 
3.72 X 10 















( Fig. 26, Curve 2 ) 
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TABLE - 51 
PERMEABILITY OF 0.2 M AlClo THROUGH SILVER PHOSPHATE 
MEMBRANE AT VARIOUS TEMPERATURES. 
Temp 
( or" \ w / 
Conductance Concentration 
nhos) (millimoles) { ilii 
Permeabi- Activation 
lity energy 
(milli- (k cal/mole) 
mole/ hr) 
10 8.32 X 10-^ 0.0724 0.0130 
15 1.02 X 10-^ 0.0880 0.0159 
20 1.35 X 10-^ 0.1071 0»0193 6.679 
25 1.63 X 10-4 0.1287 0.0232 
30 2^10 X 10-4 0.1513 0.0272 
( Fig. 26, Curve 5 ) 
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TABLE - 52 
ACTIVATION ENERGIES OF DIFFUSION PROCESS FOR VARIOUS 
ELECTROLYTES THROUGH VAlflOUS MEMBRANES. 
Activation energy ( k cal/ mole ) 
Membrane 
Silver Silver Silver 
Electrolyte Chloride Tungstate Phosphate 
KNO^ 5.204 5.067 5.296 
CH3COOK 5.988 5.768 6.218 
K^SO^ 5.180 4;836 5.295 
K2C2O4 4.946 4.721 5.064 
K3FeCy^ 6.564 6.219 6.679 
K^FeCy^ 6.910 6.450 7.024 
TABLE ~ 53 
ACTIVATION ENERGIES OF DIFFUSION PROCESS FOR VARIOUS 
ELECTROLYTES THROUGH VARIOUS MEMBRANES. 
Activation energy ( k cal/ mole ) 
Membrane 
Silver Silver Silver 
Electrolyte Chloride Tungstate Phosphate 
KCi 6.442 6.218 6.448 
NaCl 6.217 5.988 6.220 
LiCl 5.987 5.758 6.103 
NaNO^ 5.297 5.067 5.527 
5.560 5.064 5.758 
CHgCOONa 5.882 5.768 5.987 
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TABLE - 52 
ACTIVATION ENERGIES OF DIFFUSION PROCESS FOR VARIOUS 
ELECTROLYTES THROUGH VARIOUS MEMBRANES. 
Electrolyte 


































Although the constant flow method for the determination 
of permeability of electrolytes through parchment supported 
membranes yields valuable information regarding the 
intricacies of the permeability phenomena, yet it consumes 
a large amount of time to give the permeability value of 
an electrolyte. Therefore the method suggested by W.W. 
Kittelberger (1) which permits the determination of 
diffusion rate in much shorter time was employed here 
to study the diffusion rates of various electrolytes through 
parchment supported membranes. Another advantage of this 
method is that it allows the determination of membrane 
resistance, Rm; membrane concentration potential, Em; 
cationic potential, Ec^ etc at any instant. Thus it is 
also possible to make a study of the influence of these 
factors on the diffusion rate of various electrolytes. 
This method gives a clear, comprehensive and concise 
understanding of the permeation of electrolytes through the 
membranes under investigation. 
The equations that were used to compute diffusion 
rates are simply the modifications of those which apply to 
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it is measured. If the electrodes are reversible with 
respect to the cations. 
59.15 fj^ C^  
£ « ( 2 ) 
and if they are reversible with respect to the anions 
59.15 fj^ Cj^  
£ _ i Q g 
2 . 
where fj^  and -^ 2 activity coefficients of the 
electrolytes of the concentrations C^ and C2 respectively. 
Although E and E represent the "concentration" 
potentials acting upon the cations and anions respectively, 
to cause diffusion through the membrane, these forces are 
almost modified by a membrane concentration potential. 
Since the two ions must diffuse through the membrane 
at the same rate in order to preserve the electroneutrality 
of the two solutions, Q, the millimoles of the salt, may 
be substituted for Q^ in the above equation (1). 
With R^ in ohms and E and E in millivolts, m c^ m 
equation (l) gives the rate of diffusion of an electrolyte 
through a membrane in millimoles per second, in terms of 
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quantities that can usually be measured within a few 
minutes. 
APPARATUS AMD EXPERIMENTAL, METHODS : 
A schematic diagram of the apparatus used for 
the measurement of diffusion rate is shown in Fig. 2, 
It consists of two half cells (125 ml capacity ) having 
flanges to fit each othert The vertical female joints 
I 
T»T attached to each half cell provide for introducing 
the electrolyte and the plantinized conductivity cell 
electrodes The test membrane in the form of a 
disc slightly larger than the cell was installed between 
the flanges of half cells. Two Ag/AgCl J-shaped 
electrodes E^fE^ and two Ag/AgCl disc electrodes E^ ,^ E^ 
passed through two narrow holes in each half cell very 
close to the membrane as shown in Fig. 2. A narrow tube 
was slipped over the ends of each J-shaped and disc electrode 
and waxed firmly. Some mercury was placed in each of the 
tubes to provide connection to the copper wire leads. The 
solutions in the compartments were stirred by means of 
magnetic stirrers. 
The change in electrolyte concentration in the 
two half cells were followed as a function of time by 
means of a conductometric method which utilized a Cambridge 
Conductivity Bridge ( No. L-350140 ) with a pair of 
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as low as possible in order to minimize .the transfer of 
ions during the 2 or 3 minutes required for each resistance 
measurement. 
The actual experimental procedure was to set up 
the cell with membrane and silver-silver chloride electrodes 
( both J-Shaped as well as disc shaped ). Known volume 
of the two test solutions ( approx. 125 ml of each ) were 
introduced and conductivity cell electrodes fixed in 
place. The assembly having, magnetic stirrers in each half 
cell was placed in a thermostat maintained at 25 + 0.1® C. 
The measurements needed to determine (a) the salt concen-
trations of both test solutions (b) the membrane concentra~ 
tion potential and (c) the membrane resistance, in order to 
compute the diffusion rate. 
Two sets of calibration curves were needed in this 
experiment, one to obtain concentration from the measured 
conductivity and the other to obtain "concentration" 
potential E . In the first case the curves were the 
plots of conductance against concentration. The curves 
from which "concentration" potentials were obtained were 
the plots of E.M.F. against log fC from the equation 
59.15 
E.M.F. = log fC (4) 
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made by.means of a Pye Precision Vernier potentiometer 
( No. 7568 ) and Cambridge Conductivity Bridge ( No. 
L- 350140 ) respectively. The thickness of the membranes, 
as measured by the screw gauge were as follows : 
1. Silver Chloride Membrane = 0*033 cm 
2. Silver Tungstate Membrane = 0.027 cm 
3. Silver Phosphate Membrane - 0.036 cm 
» 
4. Silver Ferricyanide Membrane = 0.025 cm 
( Note : In the results described in the tables, the 
potential observed between J-shaped Ag/AgCl 
electrodes is abbreviated as whereas 
that observed between these electrodes when an 
external e.m.f. is applied across Ag/AgCl disc 
electrodes is described as ) • 
-64-
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TABLE -1 (A) 
DIFFUSION OF KCl ( O.l/O.OOl M ) THROUGH SILVER CHLORIDE 
MEMBRANE AT 25° C. 
Time Conductance 
(dii-side) ^Ag/AgCl ^Ag/AgCl 
IR drop across 
1000 ohms 
Min. mhos. mV. mV. mV. 
0 0.30 X 10"o 130.87 132.40 6.07 
30 0.41 X 10""o 122.76 124.26 6.60 
60 0.50 X 10":; 115.72 117.21 6.69 
90 0.64 X 10 o 109.40 110.55 7.58 
120 0.71 X lO'i 104.55 105.95 8.19 
150 0.85 X 10"":^  99.50 100.88 8.52 
180 0.92 X W X 96.54 97.58 9.65 
210 1.02 X 10*"^  91.79 93.27 10.80 
240 1.12 X io~:r 88.20 89.86 13.39 
270 1.24 X lO*"-^  85.50 86.74 14.05 
TABLE ~ 1 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 










1.000 112.47 119 18.40 252.0 2.39 X 10"Q 
1.325 105.41 111 17.35 227.1 2.48 X 10*2 
1.675 99.52 105 16.20 216.2 2.53 X iO"2 
2.100 93.81 98 15.59 191.4 2.60 X lO'X 
2,475 89.69 94 14.46 177.1 2.70 X 10 Q 
2.825 . 86.10 90 13.40 162.0 2.82 X lO'X 
3.200 83.99 87 12.55 150.3 2.94 X 
3.575 80.49 84 11.30 137.0 3.12 X 10 Q 
3.950 78.03 82 10.17 124.0 3.38 X 10"X 
4.375 75.47 79 9.70 112.2 3.59 X 10*"^  
( Fig. 9 ) 
MEMBRANE POTENTIAL, Em(mV). 
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RESIST/INCE, Rm (ohms) 
TABLE 2 (A) 
DIFFUSION OF NaCl ( O.i/O.OOl M ) THROUGH SILVER 
CHLORIDE Me^BRANE AT 25° C. 
Time Conductance 
(dil-side) ^Ag/AgCl ^Ag/AgCl 
IR drop across 
1000 ohms 
Min. mhos mV. mV. mV. 
0 0.31 X lO"? 135.03 137.20 8.28 
30 0.33 X 10"o 130.77 133.12 9.09 
60 0.40 X lO'o 125.80 127.92 9.24 
90- 0.44 X 10~o 120.45 122.40 9.60 
120 0.46 X LO'^i 118.00 120.22 11.86 
150 0.54 X LO'i 115.00 116.87 12.05 
180 0.59 X 10"% 111.58 113.98 13.29 
210 0.67 X 10"":; 109.05 111.05 13.79 
240 0.75 X 10":: 105.50 107.36 14.09 
270 0.77 X lO"-^  104.00 105.86 15.24 
TABLE 2 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 2 (fi). 
Concen-
tration 




1.000 112.80 99 22.23 274.1 1.77 X 10"^ 
1.125 109.84 97 20.67 247.3 1.94 X LO'l 
1.300 106.21 94 19.59 229.4 2.03 X 10"X 
1.475 101.53 99 18.92 203.0 2.17 X 10"q 
1.675 99.84 88 18.16 187.2 2.34 X 10~2 
1.825 97.57 86 17.43 174.3 2.46 X 10"2 
2.000 95.37 84 16.21 158.0 2.65 X 10"X 
2.175 93.32 82 15.73 145.0 2.82 X lO'X 
2.350 91.32 80 14.18 132.0 3.04 X 10""2 
2.525 89.51 79 13.68 122.1 3.26 X 10"^ 
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TABLE - 3 (A) 
DIFFUSION OF LiCl ( O.l/O.OOi M ) 
MEMBEWJE AT 25®C. 










IR drop across 
1000 ohms 
mV. 
0 0.24 X 10"^ 139.15 140.00 3.352 
30 0.26 X 10"o 136^10 137.30 4.353 
60 0.28 X 10*":: 131.18 132.26 4.676 
90 0.31 X 128.14 129.32 5.364 
120 0.33 X io~:: 124.00 125.17 5.580 
150 0.36 X 10 ^ 120.12 121.45 .6.651 
180 0.39 X io':r 116.98 118.46 7.471 
210 0.41 X LO^i 113.76 115.37 8.796 
240 0.45 X lO'i 110.70 112.18 9.426 
270 0.47 X 10"^ 109.12 110.60 10.290 
TABLE - 3 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 





m moles mV. mV. mV. ohms. moles/sec. 
1.000 112.88 100 26.27 314.0 1.65 X 
1.087 110.76 98 25.34 275.7 1.68 X lOlo 1.225 107.79 95 24.39 269.3 1.72 X 
1.375 104.90 93 23.24 250.0 1.81 X lOlo 1.500 102.71 91 21.29 231.0 1.93 X lo:^ 
10.Q 1.650 100.33 89 19.79 214.1 2.06 X 1.775 98.48 87 18.50 198.1 2.17 X lO.Q 1.925 96.46 85 17.30 183.0 2.31 X -LoJ 2.075 94.55 84 16.55 157.0 2.66 X 
10 ^ 2.200 93.10 82 16.02 143.9 2.84 X 
{ Fig. 11 ) 
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TABLE ~ 4 (A) 
DIFFUSION OF BaCl2 ( O.l/O.OOl M ) THROUGH SILVER CHLORIDE 










IR drop across 
1000 ohms 
mV. 
0 0 . 5 6 X 1 0 " ? 5 7 . 0 0 5 8 . 4 0 5 . 5 3 4 
3 0 0 . 6 7 X I 0 " o 5 4 . 0 0 5 5 . 5 5 6 . 4 7 9 
6 0 0 . 7 4 X i o ~ : : 5 2 . 5 5 5 4 . 1 6 6 . 9 6 9 
9 0 0 . 8 1 X l o " : : 5 0 , 6 0 5 1 . 1 5 7 . 0 4 6 
1 2 0 0 . 8 9 X l o " . 4 9 . 0 0 5 0 . 6 1 7 . 6 7 8 
1 5 0 0 . 9 7 X 4 7 . 4 8 . 5 0 . 2 7 8 . 0 4 6 
1 8 0 1.02 X iOZi 4 6 . 7 5 4 8 . 3 6 9 . 0 3 6 
2 1 0 1 . 0 5 X 10 % 4 6 . 0 0 4 7 . 6 7 9 . 1 2 2 
2 4 0 1 . 1 2 X l o Z t 4 4 . 5 3 4 6 , 1 4 9 . 9 8 1 
2 7 0 1 . 1 5 X 1 0 4 3 . 7 6 4 5 . 3 1 1 0 . 2 1 0 
TABLE - 4 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 4 (A). 
Concen- K Diffusion tration c — m m rate 
m moles mV. mV. mV. ohms. moles/sec. 
1.000 103.83 102 - 46,83 253.0 1.56 X 10"^ 
1.57 X 10 Q 1.225 99.39 97 - 45.39 239.2 
1.325 97.38 95 - 44.83 231.0 1.60 X 10"q 
1.500 94.41 92 - 43.81 220.0 1.62 X 10 Q 
1.65 X 10"^ 1.700 91.41 89 - 42.41 209.7 
1.850 89.41 87 - 41.93 200.0 1.69 X 10 Q 
1.925 88.31 86 - 41.56 197.0 1,73 X 10"^ 
2.025 87.25 85 - 41.25 184.8 1.78 X 10 Q 
2.175 85.53 83 - 41.00 176.5 1.83 X 10~A 
2.340 84.48 81 - 40.72 162.6 1.94 X 10"^ 
( Fig. 12 ) 
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TABLE - 5 (A) 
DIFFUSION OF CaCl^ { O.l/O.OOl M ) THROUGH SILVER CHLORIDE 










IR drop across 
1000 ohms 
mV. 
0 0 , 4 1 X 1 0 " ? 6 9 . 8 0 7 1 . 0 0 6 . 3 0 
3 0 o » 5 3 X l o " * : ; 6 6 . 8 6 6 8 . 5 4 9 . 7 4 
6 0 0 . 6 3 X 1 0 " : : 6 5 . 2 6 6 7 . 2 5 1 2 . 5 7 
9 0 0 . 7 1 X 10 " : ^ 6 2 . 7 0 6 4 . 5 6 1 2 . 6 6 
1 2 0 0 , 8 1 X 1 0 ^ ^ 6 0 . 5 1 6 2 . 2 4 1 2 . 7 3 
1 5 0 0 . 9 0 X 1 0 . ^ 5 8 . 6 5 6 0 . 2 1 1 2 . 7 5 
1 8 0 0 . 9 3 X 1 0 1 5 6 . 6 0 5 8 . 3 6 1 6 . 1 4 
2 1 0 0 , 9 6 X 1 0 " ! 5 6 . 3 4 5 8 . 1 5 1 8 . 1 3 
2 4 0 1 . 0 5 X lo":: 5 5 . 9 1 5 7 . 7 7 2 1 . 1 6 
2 7 0 1 * 1 2 X 1 0 " ^ 5 4 , 8 6 5 7 . 3 2 3 0 . 6 6 
TABLE - 5 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 5 (A) 
Concentre 
tion 
E m R m Diffusion rate 
m moles mV. mV. mV. ohms. moles/sec. 
1.000 104.24 83.0 ~ 34.44 190.4 1.69 X lO-Q 
1.72 X 10~2 1.350 97.13 77.0 " 30.27 172.5 
1.600 92.92 73.5 • 27.66 158.3 1.79 X 10~2 
1.85 X lO-Q 1.'950 88.23 69.5 - 25.53 147,0 
2.175 85.59 68.0 " 25.08 136.1 1.94 X 1 0 ^ 
2.375 83.48 66.0 " 24.83 122.2 2.08 X 10.^ 
2.29 X 10"^ 2.600 81.29 64.5 " 24.69 109.1' 
2.800 79.52 63.5 "" 23.18 99.8' 2.45 X 10"J 
3.060 77.57 61.0 " 21.66 87.8< 2.67 X 10~2 
2.87 X 10""^  3.300 75.83 60.0 ~ 20.97 80.2: 
( Fig. 13 ) 
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salt solutions. Various salt solutions ( chlorides of 
potassium, sodium, lithium, barium, calcium, strontium, 
magnesium and aluminium)were prepared from B.D.H., 
A.R. Grade chemicals. They were normally 0.1 M and 
0.001 M in the two half cells initially. No appreciable 
change in 0.1 M electrolyte concentration was observed 
(within an interval of 4-5 hours) so we have assumed 
this concentration to be practically unchanged. 
The potential difference between Ag/AgCl J-shaped 
electrodes in the test solutions on opposite sides of the 
membrane is the algebraic sum of the concentration potential 
E^ and the membrane potential E was obtained c_ m 
by calculation from the measured concentrations of the 
two test solutions and (E^ ) was measured directly. 
The membrane concentration potential E^ was then obtained 
by subtraction. Under the conditions of the experiment 
the dilute solution side (2) was always positive and 
Ej^  was taken with its proper sign. 
The electrolytic resistance of the membrane R m 
was determined periodically by applying an external EMF to 
the Ag/AgCl disc electrodes in the solutions on opposite 
sides of the membrane and measuring the change in the 
potential difference tof the Ag/AgCl J-shaped electrodes. 
To determine the current in the circuit,the IR drop across 
a known resistance R ( 1000 ohms ) in series with the 
cell was also measured. This measuring current was kept 
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TABLE ->22 (A) 
DIFFUSION OF 
MEMBRANE AT 25® C, 










IR drop across 
1000 ohms 
mV. 
0 0.51 X 10^^ 60.70 61.26 2.19 
30 0.70 X 10"^ 56,20 57.00 3.95 
90 0.77 X 10"^ 54.55 55.75 6.70 
120 0.85 X 10":? 52.65 53.85 7.14 
150 0,92 X 10'^ 51.28 52.60 8,35 
180 0;98 -X 10"^ 50.22 51.46 8.49 
210 1.03 X 10"":: 49.50 50.30 9.22 
240 1.13 X io'":5 48.20 49.40 9.41 
270 1.16 X 10 , 46.78 47.98 10.52 
1.21 X lO"^ 45.57 ^6-46 11.19 
TABLE - 6 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 6 (A) . 
Concen- Em r^r. Diffusion tration c- m rate 
m moles • mV. mV. mV. ohms. moles/sec. 
1.000 101.20 81,. 0 40.50 228.2 1.37 X lOl? 
1.440 91.83 73.5 35.63 202.5 1.41 X 10 Q 
1.650 88.34 71.0 - 33.79 179.0 1.54 X 10^2 
1.850 85.40 68.5 - 32.75 168.0 1.58 X 10 X 
2.025 83.07 67.0 mm 31.79 158.1 1.64 X lO^^ 
2.200 80.95 65.0 - 30.73 146.1 1.73 X lo;^ 
1.85 X 10^ 
1.92 X LOZq 
2.325 79.53 64.0 30.03 134.4 
2., 480 77.87 63.0 29.67 127.5 
2.660 76.07 61.0 «a> 29,29 114.1 2.07 X 10J 
2.820 74*57 59.5 - 29.00 107.2 2.16 X 10 ^ 
( Fig. 6 ) 
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TABLE ->22 (A) 
DIFFUSION OF MgCl2 (0,l/0.001 M ) THROUGH SILVER CHLORIDE 









IR drop across 
1000 ohms 
mV. 
0 0 , 4 6 X 1 0 " ? 8 1 . 0 6 8 2 . 1 0 4 . 6 5 
3 0 0 . 7 0 X 1 0 " ^ 7 7 . 2 0 7 8 . 2 4 5 . 4 2 
6 0 0 . 7 7 X 1 0 " o 7 5 . 9 0 7 7 . 1 4 6 . 0 1 
9 0 0 . 8 2 X 1 0 " : : 7 4 . 4 4 7 5 . 4 5 6 . 2 2 
1 2 0 0 . 8 9 X 1 0 " ^ 7 2 . 3 2 7 ^ . 3 6 6 . 6 8 
1 5 0 0 . 9 6 X 1 0 " : ^ 7 0 . 6 6 7 1 . 5 2 9 . 6 2 
1 8 0 1 . 0 1 X 6 9 . 4 0 7 0 . 7 0 1 2 . 0 9 
2 1 0 1 . 0 6 X 1 0 : : 6 8 . 2 0 6 9 . 8 6 1 2 . 7 4 
OAf) 1 . 1 3 X 1 0 " : ^ 6 6 . 8 0 6 8 . 2 8 1 3 . 2 1 
2 7 0 1 . 2 0 X 10 " "^ 6 5 . 6 0 6 7 . 2 8 1 4 . 2 2 
TABLE 7 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFEUSION RATE 
EQUATION CORRESPONDING TO TABLE 7 (A). 
Concen-
tration Ec- Rm 
Diffusion 
rate 
ra moles mV. mV. raV. ohms. moles/ sec. 
1 . 0 0 0 1 1 8 . 3 0 9 6 . 0 3 7 . 2 4 2 2 3 . 4 1 . 6 5 X 
1 0 - 5 1 . 7 0 0 1 0 4 . 5 6 8 4 . 5 _ 2 7 . 3 6 1 9 2 . 0 1 . 6 9 X 
1 . 8 8 0 1 0 2 . 0 8 8 2 . 5 > 2 6 . 1 8 1 8 2 . 9 1 . 7 3 X 
2 . 0 5 0 9 9 . 8 6 8 0 . 5 — 2 5 . 4 2 1 6 8 . 0 1 . 8 3 X J-0 Q 
2 . 2 5 0 9 7 . 4 7 7 8 . 5 - 2 5 . 1 5 1 5 5 . 9 1 . 9 3 X 
loll 2 . 4 5 0 9 5 . 2 8 7 7 . 0 2 4 . 6 2 1 4 2 . 9 2 . 0 6 X 
2 . 6 0 0 9 3 . 7 5 7 6 . 0 2 4 . 3 5 1 3 5 . 2 2 . 1 5 X i O l o 
2 . 7 5 0 9 2 . 3 1 7 4 . 0 _ 2 4 . 1 1 1 2 2 . 4 2 . 3 2 X 
2 . 9 4 0 9 0 . 6 0 7 3 . 0 — 2 3 . 8 0 1 1 2 - . 0 2 . 5 0 X l o j 
3 . 1 4 0 8 8 . 9 0 7 2 . 0 — 2 3 . 5 0 1 0 4 . 1 2 . 6 5 X 1 0 ^ 
( Fig. 96 ) 
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TABLE ->22 (A) 
DIFFUSION OF AICI3 { O.i/O.OOl M ) THROUGH SILVER CHLORIDE 
MEMBRANE AT 25® C.. 
Time Conductance 
.(dil-side) ^Ag/AgCl ^Ag/AgCl 
IR drop across 
1000 ohms 
Min, mhos mV. mV. mV. 
0 0 . 5 9 X 1 0 " ^ 2 9 . 2 5 3 0 . 0 2 1 . 8 2 
3 0 0 . 6 6 X 1 0 " : : 2 7 . 1 2 2 8 . 0 0 2 . 9 8 
6 0 0 . 7 1 X i O ' o 2 5 . 5 0 2 6 . 7 0 4 . 2 2 
9 0 0 . 7 7 X 1 0 " ^ 2 4 . 4 0 2 5 . 6 2 4 . 5 3 
1 2 0 0 . 8 1 X 1 0 ' : ^ 2 3 . 2 9 2 4 . 6 4 5 . 2 5 
1 5 0 0 . 8 7 X l O ' i 2 2 . 6 2 2 3 . 0 4 5 . 3 1 
1 8 0 0 . 9 0 X 1 0 0 2 1 . 9 2 2 2 . 9 8 4 . 4 4 
2 1 0 0 . 9 4 X 1 0 0 2 1 . 0 5 2 2 . 8 2 7 . 8 7 
2 4 0 0 . 9 9 X 1 0 ^ 2 0 . 5 2 2 2 . 2 9 8 . 1 7 
2 7 0 1 . 0 3 X 1 0 " ^ 2 0 . 1 4 2 1 . 9 0 8 . 5 8 
TABLE - 8 (B) 
NUMERICAL VALUES OF mRAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 8 (A). 
Concen-
tration 








1.000 94.11 85.0 64.86 313.2 0.92 X lO"? 
1.125 91.08 82.0 - 63.96 295.7 0.95 X 10"Q 
i;250 87.79 80.0 62.29 284.3 0.96 X 10 Q 
1.400 85.47 77.5 61.07 269.3 0.98 X 10 Q 
1.505 83.61 74.0 - 60.32 257.1 0.99 X 10 Q 
1.625 81.64 .72.5 — 59.02 250.0 1.01 X 10 0 
1.725 80.10 71.0 58.18 238.6 1.04 X 10"X 
1.800 79.01 70*0 - 57.96 225.0 1.07 X IOq 
1.900 77.62 69.0 — 57.10 216.5 1.11 X lO'X 
1.950 76.30 67.5 — 56.16 205*1 1.15 X 10"^ 
( Fig. 98 ) 
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TABLE ->22 (A) 
DIFFUSION OF KCl ( O.l/O.OOl M ) 











IR drop across 
1000 6hms 
mV. 
0 0 . 3 0 X 1 0 ~ ? 1 2 7 . 6 0 1 2 8 . 5 9 4 . 4 2 
3 0 0 , 4 7 X 1 0 " ^ 1 1 5 , 8 5 1 1 6 . 7 5 4 . 6 9 
6 0 0 , 6 1 X 1 0 " o 1 0 7 . 8 1 1 0 8 . 7 1 5 . 1 4 
9 0 0 . 7 3 X 1 0 o 1 0 1 . 6 4 1 0 2 . 5 2 5 , 4 3 
1 2 0 0 , 9 2 X 1 0 " ! 9 6 . 4 7 9 7 . 3 3 5 . 7 7 
1 5 0 1 . 0 8 X l O ' i 9 1 , 4 2 9 2 . 4 1 7 , 1 7 
1 8 0 1 . 2 2 X 1 0 ^ 8 6 . 6 8 8 7 . 7 0 7 . 9 2 
2 1 0 1 . 3 8 X lO"^ 8 2 . 6 4 8 3 . 7 8 9 . 3 4 
2 4 0 1 . 5 5 X 1 0 " : : 7 9 . 2 6 8 0 . 4 2 1 0 . 1 7 
2 7 0 1 . 7 0 X 1 0 " ^ 7 5 . 8 4 7 7 . 0 4 1 1 . 0 9 
TABLE - 9 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 









1.000 112.47 119.0 15,13 224.0 2.73 X 10"n 
1.575 101.07 106.5 14,78 192.0 2.82 X 10 Q 
2.100 93.81 98.0 14,00 175.1 2.84 X 10"^ 
2.650 88.00 92.0 13.64 162,2 2.89 X lOZ^ 
3.200 83.27 87.0 13.20 149.0 2,96 X 10 Q 
3.800 78.97 83.0 12.45 138,0 3,05 X IOQ 
4.475 74.91 78,0 11.77 128,8 3.07 X IOQ 
4.950 72,41 75,0 10,23 122,1 3.12 X 10 Q 
5,500 69.79 72,0 9.47 114,0 3.22 X 10 Q 
6,075 67,34 70,0 8,50 108.3 3.31 X 10"^ 
( Fig. 100 ) 
TABLE - 10 (A) 
DIFFUSION OF NaCl (O.i/O.OOi M ) THROUGH SILVER TUNGSTATE 










IR drop across 
1000 ohms 
mV. 
0 0 . 3 1 X lO^o 1 3 3 . 4 2 1 3 4 . 2 8 3 . 3 7 
3 0 0 . 4 3 X 1 0 f 1 2 3 . 9 2 1 2 4 . 7 7 3 . 6 6 
6 0 0 ; 5 4 X 1 0 o 1 1 5 . 6 9 1 1 6 . 1 2 4 . 1 8 
9 0 0 . 6 0 X 1 0 " : ^ 1 1 1 . 2 3 1 1 2 . 2 2 4 . 9 5 
1 2 0 0 . 7 4 X lO'"^  1 0 6 . 3 2 1 0 7 . 3 1 5 . 3 2 
1 5 0 . 0 . 8 4 X 1 0 " ^ 1 0 2 . 0 7 1 0 3 . 3 6 5 . 3 7 
1 8 0 0 . 9 5 X 9 8 . 5 3 9 9 . 5 2 6 . 1 1 
2 1 0 1 . 0 7 X 1 0 " ^ 9 5 . 0 4 9 6 . 0 0 6 . 3 9 
2 4 0 1 . 1 3 X 1 0 ^ ^ 9 2 . 3 4 9 3 . 2 4 6 . 5 2 
2 7 0 1 . 2 7 X 1 0 ^ 8 9 . 4 3 9 0 . 3 3 7 . 0 8 
TABLE - 10 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 













1 . 0 0 0 1 1 2 . 8 0 9 9 2 0 . 6 2 2 5 5 . 0 1 : 9 3 X 10""Q 
1 . 4 0 0 1 0 4 . 3 6 9 2 1 9 . 6 0 2 3 2 . 2 1 . 9 6 X 1 0 Q 
1 . 8 0 0 9 7 . 4 4 8 6 1 8 . 2 5 • 2 1 5 . 0 1 . 9 9 X 1 0 Q 
2 . 1 7 5 9 3 . 2 7 8 2 1 7 . 9 6 2 0 0 . 0 2 . 0 2 X 1 0 Q 
2 . 5 5 0 8 9 . 2 8 7 9 1 7 . 0 4 1 8 6 . 1 2 . 0 9 X 1 0 Q 
2 . 9 5 0 8 5 . 6 2 7 5 1 6 . 4 5 1 7 3 . 1 2 . 1 3 X 1 0 Q 
3 . 3 5 0 8 2 . 4 3 72 1 6 . 1 0 1 6 2 . 0 2 . 1 8 X 1 0 Q 
3 . 8 0 0 7 9 . 3 0 6 9 1 5 . 7 4 1 5 0 . 3 2 : 2 6 X 1 0 Q 
4 . 1 5 0 . 7 7 . 1 0 68 i s . 2 4 1 3 8 . 0 2 . 4 2 X 1 0 Q 
4 . 5 5 0 7 4 . 8 1 6 6 1 4 . 6 2 1 2 7 . 0 2 . 5 6 X 10 " "^ 
( Fig. 1 8 ) 
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TABLE ~ 11 (A) 
DIFFUSION OF LiCl (O.l/O.OOl M ) THROUGH SILVER TUNGSTATE 










IR drop across 
1000 ohms 
mV. 
0 0.24 X 10~5 138.84 139.10 8.75 
30 0.29 X 10"^ 131.79 132.12 12.04 
60 0.36 X 10"^ 125.18 125.90 28.07 
90 0.43 X 10":: 119.50 120.30 33.80 
120 0.55 X 10"^ 115.21 116.10 41.11 
150 0.57 X 10'^ 111.13 112.47 66.33 
180 0.64 X 10":: 107.57 109.34 91.62 
210 0.71 X 10"^ 104.41 106.20 98.35 
240 0.77 X 10":: 101.53 103.32 103.90 
270 0.84 K 10 98.47 100.32 117.10 
TABLE - 11 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 11 (A). 
Concen-
tration 








1.000 112.89 100 25.95 297.0 1.63 X 10"Q 
1.275 106.79 95 25.00 274.0 1.67 X 10"Q 
1.625 100.71 93 24.47 262.4 1.71 X 10"^ 
2.000 95.50 84 24.00 236.7 1.73 X 10"q 
2.350 91.45 81 23.76 216.5 1.77 X 10"J 
2.700 87.99 78 23.14 202.0 1.82 X 10"X 
3.050 84.93 76 22.64 193.2 1.86 X lO^Q 
3.400 82.24 73 22.17 182.0 1.89 X 10 Q 
3.700 80.11 71 21.42 172.4 1.94 X lOZl 
4.075 77.74 69 20.73 157.9 2.06 X 10 ^ 
(Fig. 19 ) 
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TABLE ->22 (A) 
DIFFUSION OF BaCl2 ( O.l/O.OOi M) THROUGH SILVER TUNGSTAT 
MEMBRANE AT 25° C. 
Time Conductance 
(dii-side) ^Ag/AgCl ^Ag/AgCl 
IR drop across 
1000 ohms 
Min. mhos mV. mV. mV. 
0 0 . 5 6 X 10 " "2 6 0 . 1 7 6 0 . 7 2 1 . 9 7 
3 0 0 . 8 2 X l O ^ i 5 5 . 3 8 5 6 . 0 1 2 . 5 2 
6 0 1 . 0 6 X 1 0 o 5 1 . 7 6 5 2 . 4 1 2 . 9 2 
9 0 1 . 2 0 X l O , 4 8 . 5 7 4 9 . 2 6 3 . 3 7 
1 2 0 1 . 3 6 X 4 6 . 3 5 4 7 . 0 9 3 . 8 2 
1 5 0 1 . 5 8 X 1 0 " ^ 4 4 . 8 4 4 5 . 6 7 4 . 7 2 
1 8 0 1 . 7 2 X 1 0 ~ ; 4 2 . 6 3 4 3 . 5 5 5 . 7 5 
2 1 0 1 . 9 1 X l O ^ i 4 1 . 2 5 4 2 . 2 0 6 . 0 9 
2 4 0 2 . 0 5 X 1 0 " : : 3 9 . 7 0 4 0 . 6 8 6 . 6 7 
2 7 0 2 . 2 2 X 1 0 3 8 . 4 1 3 9 . 6 1 9 . 1 7 
TAR^E - 12 (B),. 
I 
NUMERICAL VALUES OF PARA^^ETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 12 (A). 
Concen- E^ 
tratlon 





ohms. . moles/sec, 
1 . 0 0 0 1 0 3 . 8 3 1 0 2 . 0 - 4 3 . 6 6 2 7 9 . 2 1 . 4 2 X J-OIQ 
1 0 r 1 . 5 5 0 9 3 . 6 4 9 2 . 0 - 3 8 . 2 6 2 4 9 . 8 1 . 4 3 X 
2 . 0 5 0 9 6 . 9 5 8 4 . 5 - 3 5 . 1 9 2 2 2 . 8 1 . 4 7 X J-Olo 
1 0 2 2 . 4 0 0 8 3 . 2 0 8 1 . 0 - 3 4 . 6 3 2 0 4 . 6 1 . 5 3 X 
2 . 6 8 0 7 9 . 1 3 7 8 . 0 - 3 2 . 7 8 1 9 3 . 4 1 . 5 6 X lo:^ 
10-Q 3 . 2 0 0 7 6 . 3 5 7 3 . 5 - 3 1 . 5 1 1 7 6 . 0 1 . 6 2 X 
3 . 5 0 0 7 2 . 5 3 7 2 . 0 - 2 9 . 9 0 1 5 9 . 9 1 . 6 6 X lo:^ 
1 0 3 . 9 0 0 7 1 . 7 0 7 0 . 0 - 3 0 . 5 5 1 5 5 . 9 1 . 7 4 X 
4 . 2 0 0 6 9 . 8 6 6 8 . 0 - 3 0 . 1 6 1 4 6 . 8 1 . 8 0 X lOl^ 
1 0 ^ 4 . 5 8 0 6 8 . 9 5 6 6 . 0 - 3 0 . 5 4 1 3 0 . 9 1 . 9 6 X 
( Fig. 105 ) 
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TABLE ->22 (A) 
DIFFUSION OF CaClg ( O.i/O.OOl M ) THROUGH 











IR drop across 
1000 ohms 
mV. 
0 0.41 X 10~? 72.48 72.93 2.61 
30 0.60 X LO'i 66.41 67.00 3.97 
60 0.78 X io~:5 61.59 62.14 4.87 
90 0.95 X lo;; 57.87 58.48 6.17 
120 1.12 X 10 o 55.32 56.10 7.24 
150 1.30 X 10":; 52.43 53.22 8.26 
180 1.44 X lOlo 50.76 51.59 9.20 
210 1.61 X 10 :: 48.82 49.68 10.87 
240 1.71 X 10""o 47.36 48.00 12.95 
270 1.86 X 10""^  45.57 46.70 14.38 
TABLE - 13 (,B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 13 (A). 
Concen-
tration Ec- Era 
Diffusion 
rate 
m moles raV. mV. mV. ohms. moles/sec. 
1.000 104.24 83.0 31.76 172.3 1.86 X 10 Q 
1.600 93.02 73.5 - 26.61 148.5 1,91 X j-oi 2.200 85.29 67.0 - 23.70 133.5 1.93 X 10 1 
2.750 76.89 62.0 - 22.09 115.0 2.08 X -10 J -
3.250 79.96 60.0 - 21.57 107.7 2.14 X 10-Q 3.925 71.59 57.0 - 19.16 96.8 2.26 X 10-9 
10 1 
4.400 68.92 55.0 tm 18.16 90.2 2.39 X 
5.000 52.5 - 17.14 79.1 2.48 X 
5.325 65.47 51.5 - 18.09 •73.3^ ' 2.70 X ioi 5.825 62.44 49.0 16.87 66.7.4 2.82 X 
( Fig. 107 ) 
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TABLE ->22 (A) 
DIFFUSION OF SrCl2 { O.i/O.OOl M ) THROUGH 
SILVER TUNGSTATE MEMBRANE AT 25° C. 
Time Conductance 
(dil~side) ^Ag/AgCl '^ Ag/AgCI 
IR drop across 
1000 ohms 
Min. mhos mV. mV. mV. 
0 0 . 5 1 X 1 0 " ? 6 3 . 3 1 6 4 . 1 5 3 . 9 2 
3 0 0 , 7 9 X 1 0 o 
1 . 0 0 X l o " ^ 
5 6 ^ 3 9 5 7 ; 3 2 ' 5 . 1 4 
6 0 5 2 . 0 0 5 2 . 9 5 6 . 0 6 
9 0 1 . 0 9 X l O Z i 4 9 . 8 0 5 1 . 1 2 8 . 8 6 
1 2 0 • 1 . 2 5 X 1 0 i 4 6 . 0 0 4 7 . 3 4 9 . 8 9 
1 5 0 1 . 4 4 X 1 0 ~ o 4 3 . 1 5 4 4 . 6 5 1 2 . 2 3 
1 8 0 1 . 5 9 X 1 0 " ^ 4 2 . 3 0 4 4 . 0 1 1 5 . 7 0 
2 1 0 1 , 7 1 X 1 0 " ^ 4 0 . 0 0 4 1 . 7 7 1 7 . 5 0 
2 4 0 1 . 9 0 X l o " : ^ 3 8 , 2 0 4 0 . 0 0 1 9 . 7 4 
2 7 0 2 . 0 1 X 1 0 " " ^ 3 7 . 8 0 3 9 . 6 6 2 1 , 5 1 
TABLE - 14. (B) 
NU^ i^lERICAL VALUES OF PARAf^ETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 14 (A). 
Concen- ^m Diffusion tration c- rate 
m moles mV. mV. mV. ohms. moles/scc. 
1 . 0 0 0 1 0 1 . 2 0 8 1 . 0 - 3 7 . 8 9 2 1 4 . 3 1 . 4 7 X 1 0 * " ^ 
1 . 6 0 0 8 9 . 1 3 7 1 . 5 - 3 2 . 7 4 1 8 1 . 0 1 . 5 3 X 1 0 Q 
2 . 2 5 0 8 0 . 3 7 6 4 . 5 - 2 8 . 3 9 1 5 6 . 8 1 . 5 8 X iO~X 
2 . 5 0 0 7 7 . 6 7 6 2 . 5 - 2 7 . 8 7 1 4 8 i 9 1 . 6 3 X 1 0 Q 
1 . 6 9 X 10~X 
1 . 7 7 X 10 J. 
2 . 9 2 5 7 3 . 6 3 5 9 . 0 - 2 7 . 6 3 1 3 5 . 4 
3 . 3 7 5 6 9 . 9 6 5 6 . 0 - 2 6 . 8 1 1 2 2 . 7 
3 . 8 2 5 6 6 . 7 3 5 3 . 5 - 2 4 . 4 3 1 0 8 . 9 1 . 9 1 X 1 0 ^ 
1 . 9 8 X l O Z l 6 . 1 6 0 6 4 . 5 8 5 1 . 5 - 2 3 . 7 4 1 0 1 . 2 
4 . 6 7 5 6 1 . 5 8 4 9 . 0 - 2 3 . 3 8 9 1 . 2 2 . 0 9 X 1 0 X 
2 . 1 6 X 1 0 ^ 4 . 9 7 5 5 9 . 9 8 4 8 . 0 - 2 2 . 1 8 8 6 . 5 
( Fig. 109 ) 
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(O.l/OoOOi M) THROUGH 










IR drop across 
1000 ohms 
mV. 
0 0.46' X 10"? 84.40 85.28 4.25 
30 0.64 X 10"^ 79.00 79.99 5.48 
60 0,84 X 10"o 75.00 75.90 5.59 
90 1.03 X 10":: 71.10 72.00 6.14 
120 1.22 X lO^o 68.42 69.24 6.70 
150 1.37 X 10":^  66.34 67.36 8.29 
180 1.54 X 10":^  64.00 65.41 12.34 
210 1.73 X lO'X 62.40 63.72 12.89 
240 1.83 X 10 ^ 61.66 62.90 13.46 
270 2.00 X 10"'^  60.31 61.47 13.94 
TABLE - 15 (B) 
NUMERICAL VALUES OF PARAf^ETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 15 (A). 
Concen- Diffusion 
tration c- m m rate 
m moles mV. mV. mV. ohms. moles/sec. 
1.000 118.30 96.0 33.90 207.1 1.78 X 10"? 
1.550 107.04 86.5 > 28.04 180.5 1.84 X 10 Q 
1.89 X 10 Q 2.100 99.24 80.0 - 24.24 161.0 
2.650 93.26 75.0 22.16 146.5 1.95 X 10"A 
2,01 V 10"^ 
2.11 X 10"Q 
3.200 88.42 71.0 - 20.00 134,2 
3.625 85.21 68.5 - 18.87 123.1 
4.125 81.89 66.0 • 17.89 114.3 2.'25 X 10 2 
4.700 78.54 63.0 — 16.14 102.4 2.33 X 10"q 
5.000 76.95 61.5 — 15;29 92.1 2 . 5 2 X l O l o 
5.350 74.22 60.0 — 13.91 83.2 2.71 X 10 
{ Fig. 23 ) 
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TABLE ~ 11 (A) 
DIFFUSION OF AICI3 ( 0,1/0.001 M ) THROUGH 
SILVER TUNGSTATE MEMBRANE AT 25° C. 
Time Conductance ^Ag/AgCl 
Min, mhos mV.. 
0 0.59 X io:| 31.36 
30 0.71 X 10I3 27.80 60 .0.90 X 10 q 24.20 
90 0.96 X 22.60 
120 1.14 X 21.10 
150 1.20 X 10":: 20.20 
180 1.25 X 10:1 19.28 
210 1.39 X 10 i 18.78 
240 1.45 X lO'o 18.36 

























TABLE - 16 (B) 
MMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 16 (A). 
Concen-
tration 
m moles mV. mV. 
1.000 94.11 85.0 
1.275 87.87 79.5 -
1.600 82.04 74.0 • 
1.850 78.30 70.0 
2.175 74.15 67.0 
2.400 71.62 64.5 -
2.550 70.06 63,0 -
2.875 66.98 60.0 -
3.00 65.89 59.0 -



















































(Fig. 19 ) 
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TABLE "17 (A) 
DIFFUSION OF KCI (0,1/0,001 M ) THROUGH SILVER PHOSPHATE 










IR drop across 
1000 ohms 
mV. 
0 0.30 X 10*"? 134,38 134.93 2.27 
30 0.41 X 10':: 124.59 125.26 2.99 
60 0.51 X LO'i 117.20 117.95 3.67 
90 • 0.62 X l O ' o 111.14 111.94 4.20 
120 0.71 X 10~^ 106.16 107.00 4.72 
150 0.83 X 10 101.30 102.20 5.42 
180 0.93 X 10 97.64 98.56 5.89 
210 1.07 X 10'^ 93.78 94.05 8.69 
240 1.14 X 10"^ 90.89 91.16 9.48 
270 1.28 X 87.64 89.40 13.81 
TABLE - 17 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 17 (A). 
Concen- E^ Diffusion 
tration m m rate 
mmoles mV. mV. raV. ohms. moles/sec. 
1.000 112,47 119 21.91 241.7 2.46 X 10'? 
1.350 104,95 111 19,64 224.1 2.52 X l O ' l 
1.725 98.80 104 18.40 204.3 2.56 X l O ' l 
2.125 93.52 98 17.62 190.4 2.58 X 10"J 
2.69 X L O ' I 2.475 89.73 95 16,74 178.0 
2.875 85.94 90 15.36 166.0 2.74 X 10~X 
3.250 83.40 87 14.24 156.2 2.80 X l O ' l 
3.650 80.02 84 13.76 146.1 2.91 X 10 Q 
4.000 77.72 81 13.17 134.0 2.97 X 10 Q 
4.524 74.64 79 12.98 127.4 3.13 X 10"^ 
(Fig, 25 ) 
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TABLE ->22 (A) 
DIFFUSION OF LiCl ( O.l/O.OOl M ) 











IR drop across 
1000 ohms 
mV. 
0 0,25 X 10"^ 143.55 144.22 2.58 
30 0.26 X 10"^ 136.18 137.00 3.31 
60 0.27 X 10"; 131.30 132.17 3.56 
90 0.28 X lO", 126,68 127.61 3.90 
120 0.30 X 10*o 123.70 124.65 4.22 
150 0.31 X 10"^ 120,21 121.20 4.73 
180 0.33 X lo":^  116.30 117.34 5.27 
210 0.34 X 10"o 113,58 114.90 6.98 
240 0.35 X lO^o 111,80 113.41 8.64 
270 0.39 X 10"^ 109.81 111.67 10.50 
TABLE - 19 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 19 (A). 
Concen- E, E^ Diffusion 
tration — ^ -
mmoles mV. mV. raV. ohms. moles/sec. 
1.000 112,87 100 30.68 260.0 1.44 X 10'^ 
1,075 111.06 98 25.12 254,0 1.58 X 10 Q 
1.175 108.84 96 22.46 244.1 1.75 X 10 J 
1.250 107.29 95 19,36 238,2 1 , 9 8 X l O l l 
1.325 105;82 94 17.88 225.3 2.09 X 10 X 
1.400 104.43 93 15.78 209.4 2.25 X lO^X 
1.500 102.71 91 13.59 197.3 2.36 X 10 q 
1,600 100.10 90 13.48 189.0 2,43 X 10 J 
1.700 99.45 88 12.35 182.0 2,47 X 10"2 
1.775 98.48 87 11.33 177.2 2.50 X 10""^  
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TABLE ->22 (A) 
DIFFUSION OF CaClg ( O.l/O.OOi M ) THROUGH SILVER 










IR drop across 
1000 ohms 
mV. 
0 0.41 X 10"2 67.17 67.68 2.54 
30 0.57 X 10 " o 62.58 63.26 3.79 
60 0.68 X 10":; 59.35 60.12 4.62 
90 0.82 X 10~o 56,57 57,34 5.06 
120 0.89 X 10":; 53.90 54.66 5.35 
150 0 . 9 2 X l O l o 51.70 52.46 5.63 
180 1.10 X 10 o 49.87 50.59 5.73 
210 1.22 X 10"o 48,44 49,16 6,48 
240 1.30 X 10":; 46.64 47.40 7.25 
270 1.40 X 10"^ 45,74 46.55 8.43 
TABLE ->21 (B) 
NUMERICAL VALUES OF PARAI^ETERS OF DIFRJSION RATE 





mmoles mV, mV, mV, ohms. 
1.000 104.24 83.0 37,07 201.0 
1.500 94,56 75.0 — 31,98 179.2 
1.850 89.49 70.5 30.14 166.5 
2.325 83.96 66.0 - 27,39 152,2 
2.675 80.62 63.5 - 26.72 142.0 
3.000 77.87 61.5 - 26,17 135.0 
3.325 75.45 60.0 • 25,58 125.7 
3.700 72.95 57.5 24.51 111.1 
3.950 71.41 56.5 24.41 104,8 
4.300 69,45 55.0 - 23.71 96.1 
1,60 1.62 


























( Fig. 29 ) 
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TABLE ->22 (A) 
DIFFUSION OF SrCig ( O.l/O.OOl M ) 











IR drop across 
1000 ohms 
mV. 
0 0,51 X lO"? 58.79 59.09 1.29 30 0.70 X 10":: 53.44 53.92 2.29 
60 0.78 X 10"^ 50.23 50.86 3.33 90 0.88 X 10'^ 47.50 48.22 4.01 
120 0.95 X 10"":^  45.80 46.57 4.49 150 1.03 X 10"^ 44.70 45.57 5,33 
180 1.12 X lO'i 42.42 43.42 6.56 
210 1.20 X lo"":^  41.46 42.50 7.32 240 1.30 X 10"^ 39.50 40.60 8.33 
270 1.35 X 10"^ 38.60 39.80 9.29 
TABLE ~ 22(B) 
NUfAERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDI^G TO TABLE 22 (A). 
tration 
mmoles mV. mV. mV. 
Diffusion 
ohms, moles/sec. 
1.000 101.20 81.0 am 42.41 232.0 1.35 X l o j 1.440 91.83 74.0 - 38.39 209.5 1.43 X 10-Q 1.675 87.95 70.5 37.72 169.0 1.45 X 1.925 84.38 68.0 - 36.68 179.6 1.47 X 
2.120 81.90 66.0 - 36;10 171.4 1.49 X 
2.320 79.58 64.0 - 35.58 163.2 1.52 X iO 9 2.575 75.88 61.0 - 33.46 152.5 1.55 X ioJ 2.800 74.75 60.00 — 33.29 142.0 1.64 X 10 1 3.040 72.64 58.0 33.14 132.1 1.70 X 
3.180 71.48 57.0 32.68 129.2 1.76 X 10^ 
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T^ RT.E -23 (A) 
DIFFUSION OF Mgci2 (O.i/o;cx>i M ) 
PHOSPHATE MEMBRANE AT 25® Q, 
THROUGH SILVER 
Time Conductance 'Ag/AgCl ^Ag/AgCl IR drop acroo^ 1000 ohms ^ ^ 
Min. mhos mV. mV. 
0 0.46 X 79.76 80.35 2,64 30 0.59 X 1 0 4 74.28 74.89 2.99 60 0.70 X 10 0 71.19 71.80 , 3.22 90 0.81 X 68.62 69.32 3.97 120 0.93 X 66.49 67.19 4,23 150 1.05 X 64.30 65.04 4'. 66 180 1.16 X 10 i 63.69 64.53 5,83 210 1.28 X W i 61.56 ' 62.50 6,75 240 1.37 X JL0I3 60.26 61.30 8.06 270 1.47 X 1 0 ^ 59.15 60.64 11.98 
TABLE - 23 ( B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE "23 (A). 
Concen-
tration 










































































( Fig. 31 ) 
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TABLE "24 (A), 
C^IFFJSION OF AICI3 ( (T.l/or.OOi M ) 
PHOSPHATE MEMBRANE AT 25® C. 
THROUGH SILVER 
Time Conductance 'Ag/AgCX ^Ag/AgCl IR drop across 1000 ohms 
Min. mhos mV. mV, mV, 
0 0.59 X 25.40 26.86 4.23 
30 0,69 X 10 i 23.24 24.70 4.51 
60 0.71 X 21.80 23,26 4.77 
90 0,79 X l o j 20,40 21,86 5.12 
120 0.95 X 19.20 20.64 5,42 
150 1.00 X 10 i 18.10 19,56 5.67 
180 1.09 X 10 i 17.30 18.76 5.96 
210 1.15 X 16.66 18.12 6.22 
240 1.24 X lozl 16,17 17,63 6.40 270 X.32 X 15,90 17,36 6,59 
TABLE - 24 (B) 
NUr^RICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 24 (A). 
Concen- Er. K Diffusion tration m rate 
mmoles . mV. mV, mV. ohms. moles/sec. 
1.000 94.11 85 68.71 345U 0,84 X 10;^ 
l'.250 88.34 80 65.10 323.5 0,85 X 10 ^ 
1.440 86.40 78 64.60 306.0 0.87 X 10"X 1.600 82.04 74 - 61,64 285.4 0,89 X 10"^ 
1.825 79.64 70 60,44 269,4 0,91 X 10*^ 
1.950 77.96 69 59.86 257.5 0.92 X IQZa 0,94 X 10 2 
0.95 X 10 ^ 2.150 
74.45 67 - 57,15 245.0 
2.300 72.71 65 - 55,63 234.6 
2,500 71,57 64 55,47 228.0 0,96 X 10""^  
2.680 68.79 62 52.89 221,6 1,04 X 10"^ 
.( Fig. 32 ) 
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TABLE » 27 (A) 
DIFFUSION OF LiCl ( 0,1/0;001 M ) THROUGH SILVER 




^Ag/AgCl IR drop across 1000 ohms 
Min. frflOS mV. mV. mV. 
0 0 . 2 5 X 10"? 132 .40 133.25 3 . 9 6 
30 0 , 3 2 X 121 .90 122.77 4 ; 6 0 
60 0 .42 X 10""^ 113.64 114 .57 5 .44 
90 0 . 5 2 X lO"^ 106.90 107.83 6.01" 
120 0 .62 X lO"^ 101 .00 102 .00 7 .12 
150 0 . 7 1 X 10~o 96.38 97.38 7 . 8 6 
180 0 . 8 1 X 10 o 92 .58 93 .70 9 . 65 
210 0 . 9 1 X lO^o 88 .84 89 .96 10 .76 
240 1 . 0 1 X lO 'o 85 .50 86.62 12 .03 
270 1 . 1 1 X 10"'^ 82 .92 84 .11 14 .51 
TABLE - 27 (B) 
NUMERICAL .VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPOM)ING TO TABLE 27 (A). 
Concen- E 
tration Em 
R m . Diffusion rate 
mmoles mV. mV. mV. ohms. moles/sec. 
1.000 112.88 100 19.52 214.5t • 2.33 X lo:^ 1.450 103.54 92 18.36 189.0 2.43 X 
1.950 96.17 85 17.47 171.0 2.48 X 
2.450 90.39 80 16.51 154.7 2.56 X ioJ 2.950 85.77 76 15.23 140.4 2.69 X 
3.400 82.23 73 14,15 127.2 2.86 X 10'? 
3.900 78'.84 70 13.74 116.0 3.01 X •^ Plg 4.400 75.77 67 13.07 104.0 3.21 X ^oj 4.900 73.18 65 12.32 93.1 -3.49 X 
5.400 70.82 63 12.10 82.0 3,83 X 10^ 
( Fig. 35 ) 
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TABLE ^ 28 {A) 
DIFHJSiaC OF BaCl^ { O.l/O.OOl M ) 
FERRICYANIDE MEMBRANE AT 25® C. 
THROUGH SILVER 
Tiine Conductance 
Min; mhos mV. mV. 
IR drop across 
1000 ohms 
mV. 
0 0,56 X 63.15 63.50 1.57 
30 1,06 X 10 i 55.86 56.35 2.74 
60 1.28 X 52.79 53.30 3.15 
90 1.60 X 10^? 
10-? 
loi 
48.33 49.53 8.36 
120 1.80 X 44.33 44.75 12.72 
ISO 2.02 X 43.02 43.53 13.71 
180 2.22 X 10~X 41.80 42.46 15.09 
210 2.43 X lO'i 40.66 41.96 17.26 
240 2.77 X lo'l 40.16 41.64 18.41 
270 2.92 X 39.24 41.04 21.12 
TABLE > 28 
NUMERICAL VALUES OF PARAMETERS OF DIFHJSION RATE 





mmoles raV. mV. mV. ohms. moles/sec.' 
1.000 103.83 102.0 -mm 40.68 222.5 1.77 X i o t e 2.060 86.82 84.0 30.76 178.7 1.81 X J-Olo 2.650. 81.03 78.5 28.24 162.1 1.86 X 
10 3' 
3.225 75.99 74.0 - 27,66 143.6 1.98 X 
3.660 73.19 71.0 27.53 136.0 2.02 X 
4.150 70.25 67.0 27.23 126.2 2.14 X 
4.600 67.51 66.0 - 25.71 114.7 2.25 X 
5.040 65.76 63.5 25.10 104.3 2.44 X 
5.600 63.28 61.0 23.12 97.8 2.50 X 10 1 
6.120 61.22 59.0 — 21.98 5^ 85.2 2.76 X 
.( Fig. 36 ) 
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TABLE - 29 (A) 
DIFFUSION OF CaClg (O.i/O.OOi M ) 












IR drop across 
1000 ohms 
mV. 
0 0.41 X 10"^ 75.10 75.72 4.81 
30 0.85 X 10~o 67.20 67.82 5.65 
60 1.09 X 10":; 64.63 65.42 9.63 
90 1.32 X lO"^ 61.19 62.00 11.76 
120 1.51 X lO'i 60 .'43 61.24 13.41 
150 1.67 X 10"o 60.15 60.96 15.32 
180 1.84 X 10":; 58.68 59.60 19.37 
210 2.30 X 10":; 58.34 59.26 22.56 
270 3.20 X lO"*'^  57.74 58.77 32.65 
TABLE - 29 ( B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EOJATICN CORRESPONDING TO TABLE'29 (A). 
Concen- E m Diffusion tration c^ m rate 
mmoles mV. mV. mV. ohms. moles/sec. 
1.000 104.24 83.0 29.14 128.90 2.48 X 10"q 2.54 X 10 Q 2.450 83.24 76.0 m. 16.04 109.60 
3.250 76.42 60.5 m. 11.79 82.06 2.74 X 10*2 
4,025 70.99 55.5 9.80 68.92 2 . 9 8 X L O Z l 4.675 67.51 53.0 7.08 60.43 3.21 X 10 J 
5.225 64.96 51.0 — 4.81 52.88 3.47 X 10 Q 
5.800 62.54 49.0 3.86 47.49 3.69 X 10 2 
6.440 6 0 a i 47.5 mm 1.77 40.78 4.13 X 10"X 4.75 X 10"^ 8.340 54.79 43.0 + 2.95 31.54 
( Fig. 37 ) 
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TABLE ^ 30 (A) 
DIFFUSION OF SrCl2 ( O.l/O.OOi M ) 





^Ag/AgCl IR drop across 1000 ohms 
Min. mhos mV. mV. mV. 
0 0.51 X i0""2 66.67 67.46 4.73 
30 0.95 X 10"":^  59.31 60.23 7.30 
60 1.24 X 10 ^ 57.66 58.68 9.56 
90 1.46 X 10 55.80 56.90 11.99 
120 1.63 X 10"^ 54.30 55.45 13.74 
150 1.83 X 10*^ 53.00 54.43 19.54 
180 2.10 X lO"! 61.90 52.74 24.12 
210 2.21 X 1 0 " ^ 51.17 52.02 27.96 
240 2.38 X 10":^  50.40 51.36 30.75 
2^0 2.47 X lO""^  49.74 50.56 34.10 
TABLE ^ 30 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION RATE 
EQUATION CORRESPONDING TO TABLE 30 (A). 
Concen- R Diffusion 
tration tn m rate 
mmoles mV. mV. mV. ohms. males/sec. 
1.000 101.20 81.0 mm 34.53 167.1 1.88 X 10~Q 
2.120 81.90 66.0 22.59 126.0 2.01 X lO'^ 
2.900 73.85 60.5 - 16.19 106.7 2.15 X 10 Q 
3.500 69.02 55.0 13.22 91.8 2.26 X 10 Q 
3.950 65.91 53.0 - 11.61 83.7 2.37 X lO'X 
4.450 62.85 50.5 9.85 74.2 2.54 X 10"A 
4.980 60.80 47.5 - 8.90 63.4 2.78 X 10 Q 
5.500 57.41 46.0 6.24 56.2 2.99 X l O ' l 
5.940 55.43 44.0 - 5.03 52.7 3.03 X 10 Q 3.25 X 10"^ 6.430 53.39 43.0 «Mt 3.65 47.5 
( Fig. 38 ) 
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TABLE > 31 (A) 
DIFFUSION OF MgClg ( .0,1/0.001 M ) THROUGH SILVER. 











IR drop across 
1000 ohms 
mV. 
0 0.46 X 10"? 88.50 89.0 6.74 
30 0.97 X LQ^i 86.70 87.82 9.02 
60 1.20 X 10""^  79.28 80.52 11.98 
90 1.33 X 10 :: 74.58 75.99 15.30 
120 1.59 X 72.07 73.58 19.15 
150 1.75 X 10"^ 70.72 72.23. 20.55 
180 1.90 X 10 o 68.59 70.10 23.92 
210 2.05 X 10 1 66.07 67.60 27.02 
240 2.28 X 10"o 64; 57 66,18 31.85 
270 3.14 X 10"^ 62.70 64.50 39.57 
TABLE ^31 (B) 
NUMERICAL VALUES OF PARAMETERS OF DIFFUSION 
EQUATION CORRESPONDING TO TABLE 31 (A). 
RATE 
Concen- E^ R Diffusion 
tration c^ m rate 
mmoles mV. mV. mV. ohms. moles/sec. 
1.000 118.30 96.0 29.80 163.1 2.25 X IO 'Q 
IOZQ xilO X 
2; 475 95.01 77.0 > 11.21 124.1 2.28 
3.150 89.73 71.5 Hm 10.45 103.5. 2.54 
3.750 84.35 68.0 9.77 92.2 2.70 X l o Z l 
^ iO-Q 
X 10 Q 
4.300 80.85 65.0 8.78 78.8 2.99 
4.750 78.27 63.0 7.55 73.5 3.12 
5.200 75.94 60.5 • > 7.35 63.1 3,48 x 10 J 
5.880 72.79 58.0 6.72 55.9 3.77 X 10 J 
X 6.380 70.69 56.5 mm 6.12 50.5 4.04 
6.940 68.53 55.0 4lm 5.83 45.5 4.37 X 10 ^ 
( Fig. 39 ) 
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TABLE - 32 (A) 
DIFFUSICM OF A I C I 3 (O.l/O.OOl M ) 












IR drop across 
1000 ohms 
mV. 
0 0,59 X 10"^ 34.47 35.56 3.58 
30 0.86 X 10*"o 30.70 31.80 4.17 
60 1.09 X 10*"^  27.82 28.92 4.64 
90 1.30 X lOlo 25.60 26.74 5.36 
120 1.45 X 10 0 24.20 25.54 6.70 
150 1.61 X lO^o 23.10 24.62 8.04 
180 1.76 X 10*0 21.80 23.36 8.88 
210 1.97 X lO'o 20.62 22.24 10.50 
240 2.16 X 10"f 19.48 21.10 11.91 
270 2.30 X 10"^ 19.10 20.72 12.71 
TABI^ - 32 (B) 
NURIERIGAL VALUES OF PARAMETERS 








mmoles mV. mV. mV. ohms. moles/sec. 




1.600 82.04 74.0 51.34 263.5 0.95 X 
2.150 75.04 67.0 — 47.22 236.8 0.96 X 
2.650 69.08 62.0 - 43.48 212.7 0.98 X 
3.000 65.89 59.0 41.69 199.8 0.99 X 
iO Q 
io:^ 
3.400 62.67 56.0 — 39.57 188.9 10.02 X 
3.750 60.16 54.0 — 37.86 175.6 10.37 X 
4.260 56.88 51.0 35.08- 154.3 11.14 X iOlo 4.680 54.47 48.5 — 34.85 136.0 12.07 X ^ozl 10^ 5.040 52.57 47.0 — 33.08 127.5 12.46 X 
{ Fig. 40 ) 
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CHAPTER III 
MEMBRANE POTENTIAL AND MEMBRANE RESISTANCE STUDIES ON 
SILVER CHLORIDE» SILVER TUNGSTATE, SILVER PHOSPHATE AND 
SILVER FERRICYANIDE PARCHMENT'-gUPPORTED MEMBRANES^ 
INTRODUCTION : 
Various theories have been proposed from time to 
time to account for the permeability phenomena in membranes. 
Michaelis (1) and his co-workers in twenties and early 
thirties had tried to characterize the permeability of 
dense membrane (dried collodion etc.) in terms of 
electrical potentials measured in a solution-membrane-solution 
system. Even at that time, people used to take of anion 
selective or cation selective membranes. 
Teorell (2) and later Meyer and Sievers (3) 
independently put forward identical theories which assume 
that the membrane itself has a fixed charge due to 
either adsorption or dissociation. The physical essence 
of the fixed charge theory of Teorell, Meyer and Siever^s 
(abbreviated as TMS theory) can be started qualitatively 
in a simple way. 
According to the fixed charge theory the walls 
of the pores of the membranes carry internally a definite 
number of potentially dissociable groups anionic (acidic) 
groups such as carboxylic groups, in case of 
electronegative membranes and cationic (basic) such as 
-98-
amino groups in the case of electropositive membranest 
There dissociable groups are an integral invariable 
part of the membrane structure. Any amount which flows 
across the membrane is transported by the counterions of 
the fixed charge wall groups and whatever other "non-
exchange" electrolyte may be present in the pores. The 
concentration of the latter is determined by a distribution 
equilibrium, which is somewhat similar to a Donnan 
equilibrium, that exists between the electrolyte fSore 
structure of the membrane and the adjacent outside solution, 
the fixed wall groups being the non diffusible ions. 
According to Teorell (4) the essential feature 
of the original fixed charge theory was the assumption 
that overall membrane potential was composed of three 
potential jumps, two Donnan potentials at each 
solution-membrane-interface ( here denoted t'YAj^  andA2 ) 
one residing inside the membrane ( the internal potential 
or driving potential denoted by 02- The total 
membrane potential E, is given as : 
E (A, ^Ag ) + ( 0 2 - 0 , 
The electrical potential arising across an 
ionic membrane separating different salt solutions are 
usually measured by constructing the cell of the type ; 
-99" 
I 
Reference Solution Membrane / Solution \ Reference 
Electrode i (I) \ | {II) ] Electrode 
These measurements have become almost routine 
procedure to characterize the selectivity of the membrane, 
The theoretical approaches made to calculate 
e»ra.f»s of the cell described above according to 
Lakshminarayanaiah (5) falls under three groups. 
(a) The idealised theory of IMS (2,3) and its 
refinements (6) 
(b) Pseudo thermodynamic approach due to Scatchard 
(7) and the treatment based on the thermo-
dynamics of irreversible processes (8-12) and 
(c) A kinetic approach based on the theory of 
absolute reaction rates (13,14), The earliest 
systematic measurements of membrane potential were made 
4 
by Michaelis (15) and were latter considerably added 
to by Sollner and Gregor (16) and by Marshall and Ayers 
(17,18), who used collodion and zeolite membranes 
respectively. Wyllie and Patnode (19) used heterogenous 
membranes made by imbedding ion exchange resin beads in 
inert binders. Hills, Kitchener and Ovenden (20) used 
P M A (Polymethacrylic Acid)-membranes and measured 
membrane potentials with KOH-solutions using reversible 
Hg-4ig0 electrodes. 
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The efficiency with which a membrane transports 
selectivity any particular ionic species may be inferred 
by measuring the transference number of the species in 
the membrane. In most of the transport number measurements 
the electrolyte solution was used on either side of the 
membrane and electricity was passed using reversible 
electrodes» 
In this chapter particular emphasis has been given 
to the determination of the fixed charge density, 
transport number and perm-selectivity of the investigated 
membranes. 
MEASUREMENTS QF MISMBRANE POTENTIAL ; 
The method used for the determination of membrane 
potential was that of Michaelis ( loc. cit. ) for the 
concentration potential of the following cell. 
I KCl ; Electro- • Electro- KCl ; 
Hg/HgCl^i Saturated j lyte C^ j lyte C^ { Saturated { Hg/HgCl^ 
E, Membrane J- E 2 
The value of E was measured by means of a 
Pye-Precision Vernier Potentiometer ( No.7568). The same 
electrolyte with different concentration was used on both 
sides of the membrane. The concentration ratio 
always k«pt equal to 10. The dilute solution side 
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always remained positive. Freshly prepared membranes 
were used for potential measurements. The vatiation in 
potential with time was determined. The experiments 
were repeated with fresh solutions of electrolyte and 
the maximum potential attained was recorded. The potential 
measurements were carried out with Silver Chloride, 
Silver Tungstate, Silver Phosphate and Silver Ferricyanide 
parchment supported membranes. 
MEASUREMENTS OF MEMBRANE RESISTANCE : 
In the early twenties conductivity measurements 
have been used in efforts to characterize biological 
permeability. In recent years th« conductivity properties 
of membranes system have attracted increased attention. 
The membrane resistance of high ionic selectivity 
measured under standard conditions provide an accurate 
quantitative measure of the relative ionic permeabilities. 
The measurements of the electrical resistance of 
membranes could be carried out best at least in principle 
with flat membranes clamped tightly between electrodes 
of the same size as that of the membrane. 
The ohmic resistance of the cell filled with 
solutions of the electrolytes was determined by Sollner (21) 
both when there was a membrane in place and when there 
wac no Membrane in the cell. The difference between 
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the two values is taken as the resistance of the 
fflembrane since the resistance of the layer of the 
solution which is replaced by the membrane is negligibly 
small and well inside the experimental error* The 
resistance of the membrane changes for a considerable 
time after the membrane comes in contact with the 
solution* It was reported by Sollner that the higher 
the membrane resistance the higher would be the membrane 
potential (21). 
In order to characterize the electro-chemical 
behaviour of the parchment supported membranes and to 
discuss the intricacies of the geometrical and electrical 
structure of such membranes, Silver Ferricyanide membrane 
was chosen for the study of the membrane resistance. The 
method for resistance measurement was that of Sollner t2i) 
The Cambridge Conductivity Bridge ( No. L-350140 ) was 
used for resistance measurements, and all the 
determinations were carried out in a constant temperature 
water bath maintained at 25 + 0.1° C. 
-103' 
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TIME ( minutes ) 
Pig. 1; Plots of Membrane Potentials versus time for KCl 
Solution of varying concentrations (1) O.OlM/O.OOl; 
(2) 0.02M/0.002; (3^  0.05M/0.005; (4^ O.lM/0.01; 







20 4 0 60 80 100 
TIME ( minutes ) 
Fig, 2: Plots of Membrane Potentials versus time for NaCl 
solution of varying concentrations (l"* O.OlM/O.OOl; 
0.02M/0..002t C3l 0.05M/0;005-, (4> O.lM/O.Ol; and 
(5"* 0.2M/0.02 across a Silver Chloride Membrane. 
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TABLE ~ 1 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR KCl 
SOLUTION AT 25® C. 
Membrane p^ otential (inV) at various concentrations 
(ratio Cj^ /C2 = lo). uilute side positive. 
Time (Min.) 0.2 M 0.1 M 0.05 M 
X — 
0.02 M 0.01 M 
0 17.25 20.26 25.46 33.50 37.70 " 
3 18.30 21.20 27.52 ^ 35.67 40.00 
5 19.23 22.45 29.76 37.54 41.00 
10 21.30 23.18 29.96 39.25 43.24 
15 20.00 24.62 33.52 42.30 44.10 
20 19.54 24.23 30.64 40.50 45.26 
30 18.74 23.70 30.23 39.95 45.00 
40 17.00 23.00 29.94 38.70 44.07 
60 15.70 21o50 28.22 37.50 - _ 42.60 
80 14.20 20.80 27.50 36.42 40.10 
100 12.04 19.00 26.20 34.48 37.50 
120 11.00 17.60 24.90 32.50 36.76 
(Fig.l) 
TABLE - 2 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR NaCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C^ - 10). Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 19.00 23.70 32.00 37.54 44.00 
3 20.46 . 25.00 33.20 39.50 46.20 
5 21.50 26.32 33.64 41.70 46.36 
10 23.00 28.58 34.50 45.64 49.00 
15 25.00 27.50 35.00 46.25 49.78 
20 21.30 27.00 34.00 47.60 50.72 
30 21.00 26.20 33.76 46.00 49.86 
40 20.68 26.00 33.00 45.00 48.68 
60 19.00 25.00 32.00 44.12 48.00 
80 18.23 23.67 30.34 43.00 47.00 
100 17.00 21.00 29.80 41.30 46.24 
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Fig. 3: 
100 120 
TIME ( minutes 
Plots of Membrane Potentials versus time for 
LiCl Solution of varying concentrations (1) 0.OlM/0.001; 
(2^  0.02M/0.002; (3) 0.05M/0.005(4) O.lM/O.Ol; and 
(5) 0,2M/0.02 across a Silver Chloride Membrane. 
TIME ( minutes > 
Fig. 4: Plots of Membrane Potentials versus time for NH4CI 
Solution of varying concentrations (1) O.OlM/O.OOl; 
(2) 0.02M/0.002; (3) 0.05M/0.005; (4) O.lM/O.Ol; 
and (5> 0.2M/0.02 across a Silver Chloride Membrane. 
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TABLE > 3 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR LiCl 
SOLUTION AT 25® C. 
Membtane potential (mV) at various concentrations 
(ratio ~ 10). Dilute side positive. 
Jdoncn, Cj^ . 
Time (Min, ) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 21.25 29.60 35.50 39'tOO 45.70 
3 22.68 31.20 37.00 41.50 47.00 
5 23.78 32.50 38.12 43.80 48.36 
10 24.50 33.25 38.48 45.00 50.00 
15 23.60 34.60 39.00 46.20 50.35 
20 22.56 32.50 38.00 48.52 51.00 
30 22.50 32.00 37.50 47.00 50.18 
40 21.20 31,48 36.00 45.00 49.00 
60 20.48 30»28 35.00 42.40 48.10 
80 19.50 29.00 33.40 40.48 46.00 
100 18.00 27.00 32.00 38.30 44.96 
120 17.00 25.18 31.25 35.60 43.00 
(Fig. 3) 
TABLE - 4 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR NH^Cl 
SOLUTION AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /Cg = 10). Dilute side positive. 
Time (M: 
Concn, 
Ln;) 0';2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 15.80 21.50 31.00 41.48 43.80 3 16.74 23.24 32.50 43.20 44.50 5 18.00 25.00 34.10 45.00 46.30 
10 19.24 26.00 35.07 , 45.50 46.62 
15 18.50 28.46 37.40 ' 46.74 47.48 
20 18.20 27.50 36.20 i 45.56 48.76 
40 17.00 26.00 35.70 45.10 47.42 60 16.25 24.58 34.48 1 43.52 47.00 
80 14.45 23.48 33.67 42.60 46.20 100 13.78 21.20 33.00 ,'41.00 45.70 
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Fig. 5. Piots of Membrane Potentials versus time for KNO3 
solution of VJirying concentrations (1) O.OlM/0.001; 
(2) 0.02M/0.002; (3^ 0.05M/0.005; (4) O.lM/0.01; 
and (5") 0.2M/0.02 across a Silver Chloride Membrane. 
Pig. 6 
TIME (minutes) 
Plots of membr?3ne Potentials versus time for GH3COOK 
solution of varying concentrations (1) O.OlM/0.001; 
(2) 0.02M/0.002; (3^ 0.05M/0.005; (4) O.lM/O.Ol; and 




soxmrioM AT 25® c. 
POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR KNO3 
Membrane potential (mV) dt various concentrations 
(ratio Cj^ /C2 ^^ 10). Dilute side positive. 
Time {Ui 
Conen» C^ 
In.) 0.2 M 0.1 M 0;05 M 0,02 M 0.01 M 
0 18,50 24.00 35.00 41.12 47.24 
5 20.38 25.70 36.30 42.68 48.80 
10 22.52 28.30 ' 36.80 43.75 49.96 
15 25.40 29.62 37. 44,50 50.60 
20 24.96 30.72 <38.15 46.00 52.00 
40 23.50 29.00 36.74 44,60 51.00 
60 22.00 27.48 36.00 43.72 50.25 
80 20.78 25.74 34,25 42.58 49.20 
100 19.12 24.42 33.48 42.00 48.32 
120 17.60 22.64 32,70 41.52 47.00 
140 16.48 20.48 31.35 41.00 46.46 
<Fig. 5) 
TABLE - 6 
MEMBRANE'POTENTIAL ACROSS SILVER OILORIDE MEMBRANE FOR CH3COOK 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /C2 « 10). Dilute side positive. 
Time (Min.) 
Concn, C^ 
0.2 M 0,1 M 0,05 M 0,02 M 0,01 M 
0 21", 00 25,68 32.00- 37,20 42,64 
5 22.50 28,75 33.74 39.00 44.50 
10 23.80 31.30 35.60 41.00 46,36 15 26.75 34.00 38.70 43.80 48,50 
20 25.60 33.42 41.36 45.00 49,62 
30 25.00 32.48 40.12 49.74 53.20 
40 24,00 31.80 39,30 48.00 51.26 
60 23,06 30.00 38.25 47.00 50.48 
80 21.30 28.54 36.84 45.30 50.00 
100 20.12 26.68 36,20 44.00 48.74 
120 18.48 25.50 35,10 43.16 48.62 
(Fig. 6) 
80 100 120 
TIME ( minutes ) 
Fis 7* Plots of Membrane Potentials against time for 
K2SO4 Solution of varying concentrations Cl^ O.OlM/0.001; 
(2) 0.02M/0.002; (3) 0.05M/0.005; (4) O.lM/O.OlM; and 
(5) 0,2M/0.02 across a Silver Chloride Membrane. 
100 
Fig, 8: 
TIME ( minutes 
Plots of Membrane Potentials versus time for K2GPO4 
Solution of varying concentrations (1^ O.OlM/0.001; 
(2) 0.02M/0.002; (3> 0.05M/0.005; (4^ O.lM/O.Ol; and 
0.2M/0.02 across a Silver Chloride Membrane. 
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TABLE * 1 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR K2S0^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio CJC.-^  « 10). Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0,02 M 0.01 M 
0 19.87 24.20 32.00 39.50 47.00 
5 22.46 26.50 34.92 42.46 48.80 
10 24,27 30.00 37.50 46.00 51.00 
15 28.04 32.52 41.00 46.24 52.42 
20 27.20 34.20 43.15 48.00 53.00 
25 26.70 33.78 42.50 47.68 54.72 
40 26.10 32.64 41.30 47.24 53.50 
60 25.00 30.36 41 ..00 46.28 53.00 
80 24.18 29.50 40.00 • 46.00 52.08 
100 22.50 28.24 39.25 45.00 51.30 
120 21.42 26.50 38.12 44.87 50.38 
{ F i g . 7) 
TABLE - 8 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR K^C^ Q, 2 2 4 SOLUTION AT 25° C. 
Membrane potential (m^ it) at various concentrations 
(ratio Cj^ /Cg = 10). Dilute side positive. 
Time {Ui 
Concn, 
Ln.) 0.2 M 0.1 M 0.05 M 1 0,02 M 0.01 M 
0 23,00 29.00 36.60 47.50 50.32 
5 25.00 31,36 38.74 48.80 51,25 
10 27.48 33,80 40,16 50.62 52,54 
20 30.42 37.50 42.50 52.52 55.00 
25 29.50 39.65 44.00 53.18 55.16 
30 28.64 38.59 43,00 54,04 56.00 
40 28.00 37,00 42,46 53.12 55.45 
60 26.00 36,14 41,50 52.50 54.50 
80 • 24.12 33.92 40.37 52.00 54.27 
100 22,56 32.00 39,48 51.25 53.50 
120 20,54 29.60 38,76 50.00 52.75 
(Fig. 8) 
s 35 -
TIME ( minutes ) 
Fig, 9: Plots of Membrane Potentials versus time for K^FeCjg 
solution of varying concentrations (1) O.OIM/O.OOIM; 
(2) '0.02M/0.002M; (3^ 0.05M/0.005M; (4) O.IM/O.OIM; 
and (5) 0.2M/0.02M across a Silver Chloride Membrane. 
AO 60 80 100 120 lAO 
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Fig, 10: Plots of Membrane Potentials versus time for KiFeCy 6 
solution of varying concentrations (1) O.OlM/O.OOl; 
(2) 0.02M/0.002; (3) 0.05M/0.005; (4) O.lM/O.Ol; 
and (5) 0.2M/0.02 across a Silver chloride membrane. 
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TABLE * ^ 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR KgFe Cy^ 
SOLUTION AT 25 0 C. 
Membrane potential (m V) at various concentrations 
(rati© Cj^ /C^  - 10), Dilute side positive-
Time (M: 
Concn, 
In.) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 19.60 26.65 38.50 50.50 54.00 
5 20.80 29.00 40.00 51.47 54.94 
10 23.74 30.30 41.00 52.60 55.48 
20 27.12 33.80 42.70 54.00 56.50 
25 28.86 36.76 43.75 54.50 56.80 
30 27.50 35.00 45,40 55.27 57.50 
35 27.00 34.92 44.00 56.12 57.70 
40 26.42 34.21 43.25 55.23 58.30 
40 25.00 33.00 42.68 54.87 57.50 
80 23,30 31.25 41.50 53.50 57.00 
100 22.00 30.00 40.27 52.42 56.42 
120 20.15 27.00 39,50 51.54 55.80 
TABLE - 10 
(Fig. 9) 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR K^FE CY^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /C2 ~ 10). Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0,02 M 0,01 M 
0 22.00 27.70 41.25 47,00 52,00 
5 25.00 29.52 42,46 48,50 53,66 
10 26.47 31.25 43,10 49,20 54,00 
15 29.60 33.48 44,18 50,80 55.00 
20 32.00 34,96 45.50 52.52 56,00 
30 34.76 36,80 46,30 53.72 56,50 
35 33.20 38.57 47,56 55.00 57,38 
40 32.50 37.00 46,25 56.40 58,67 
60 30.00 35.00 45,17 55.00 57,00 
80 27.60 33.35 44,20 53.69 56,42 
100 24.92 30.00 43,00 53,00 56,00 
120 23.54 29.00 40,18 51,70 55,14 
(Fig. 10) 
I 35 -
60 80 100 
TIME ( minutes 
Fig: 11: Plots of Membrane Potentials against time for various 
electrolytes (1) A I C I 3 ; (2) BaClg; (3) SrClg; (4) MgClg; 
and (5^ * CaCl2 across of Silver Chloride Membrane. 
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TABLE -11 
MEMBRANE POTENTIAL FOR VARIOUS ELECTROLYTES ( O.l/O.Ol M) 
THROUGH SILVER CHLORIDE MEMBRANE AT 25® C. 
Membrane potential (mV) for various electrolytes. 
Dilute side negative. 
Time (Min.) Ba Clg Sr CI2 Ca CI2 Mg CI2 A1 CI. 
0 23.82 20.83 19.80 21.67 M 33.85 
3 - 24.34 mm 21.66 - 20t50 - 22.50 - 34.78 
5 - 24.67 22.16 - 21.00 - 23.15 - 35.50 
10 - 24,93 - 23.35 - 22.04 - 22.60 - 35.00 
20 - 24.65 mm 22.58 - 21.30 - 22.20 - 34.80 
30 - 24.32 - 22.12 - 20.50 - 21.00 - 34.32 
40 - 23.64 21.20 - 20.00 - 20.70 - 33.80 
50 - 23.30 - 21.00 18.84 - 20.16 - 33.46 
60 - 22.78 - 20.00 - 18.64 * * 19.50 — 32.50 
80 - 22.00 - 19.34 mm 17.14 - 18.45 - 32.20 
100 - 20.70 18.28 16.15 - 17.80 - 31.17 
120 20.24 — 17. 10 — 15.80 15.76 — 30.80 
(Fig. 11) 
1 - 1 
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Fig. 12. Plots of Membrane Potentials versus time foi(E;Gl Solution 
of varying concentrations (l) 0.01/0.001 M; (2) 0.02/0.002 M 
(3) 0.05/0.005 M; (4) 0.1/0.01 M; and (5) 0.2/0.02 M across 
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Fig. 13: Plots of Membrane Potentials versus time for KaCl 
Solution of varying concentrations (1) 0.01/0.001 M: 
(2) 0.02/0.002 M; (3) 0.05/0.005 M: (4) 0.1/0.01 M 
and (5) 0.2/0.02 M across a Silver Cungstate Membrane, 
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TABLE - 12 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR KCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio CJ^ /C^  » JLO). Dilute side positive. 
Time (Min.) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 15.80 18.00 22.00 30.18 36.00 
3 16.72 19.26 24.12 31.80 37.45 
5 17.50 21.30 25.00 33.47 38.27 
10 19.72 22.50 26.50 35.12 38.84 
15 18.68 22.00 28.65 37.70 40.67 
20 18.30 21.74 36.46 36.56 41.65 
30 17.64 21.48 36.20 36.48 41.00 
40 17.00 21.00 35.54 35.64 40.48 
60 15.14 19.67 34.70 34.96 40.16 
80 14.00 18.50 33.82 33.70 39.52 
100 12.96 18.23 32.34 32.32 38.74 
120 11.00 16.80 . 30.26 30.24 37.46 
(Fig. 12) 
TABLE - 13 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR NaCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /C2 = 10). Dilute side positive. 
Concn. C,_.. 
Time (Min.) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 19.64 24.96 29.00 35.04 42.16 
3 21.42 26.00 30.12 36.26 43.00 
5 22.56 27.74 30.67 37.48 43.78 
10 24.45 29.46 31.24 40.12 45.00 
15 23.50 28.80 32.50 41.56 45.36 
20 23.00 28.46 32.00 41.30 46.60 30 22.68 28.00 31.80 40.80 46.12 
40 22.48 • 27.45 31.30 40.17 46.00 
60 21.65 26.30 30.48 39.24 44.60 
80 19.96 25.18 29.14 37.64 42.70 
100 18.52 23.48 28.30 36.54 42.14 
120 16.74 22.42 27.42 34.94 41.30 
TIME ( minutes 1 
Fig. 14; Plots of Membrane Potentials versus time for 
LiCl solution of Vf^ rying concentrations 
(1^ O.OI/O.OOIM; (gV 0.02/0.002M; (3) 0.05/0.006M; 
(4^ 0.1/0.DIM; and (5^ 0.2/0.02M across a Silver 
Tungstate Membrane. 
TIME (minute) 
Fig. 1 5 : Plots of Membrane Potentials versus time for NH4CI Solution 
of varying concentrations (1) O.Cl/0.001 M; ( 2 ) 0.02/0.002 M; 
(3) 0.05/0.005 M; (4) 0.2/0.02M; and Xs) 0. 1/0.OlM 
across a Silver Tungstn'^ .' Membrane.v^ " — 6 
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TABLE - 14 . 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR LiCl 
SOLUTION AT 25« C. 
Membrane potential {mV) at various concentrations 
(ratio Cj^ /C2 = 10). Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 20.12 31.80 36.30 40.47 44.00 
3 21.48 33.54 37.62 41.22 45.20 
5 22.52 • 35.12 38.84 42.50 46.10 
10 25.15 36.60 39.96 43.69 46.34 
15 24.18 36.00 41.38 45.10 47.60 
20 24.00 35.70 40.65 46.12 48.62 
30 23.50 35.32 40.38 45.56 48.16 
40 22.58 34.56 39.84 45.24 48.00 
60 21.46 33.78 39.00 45.06 47.00 
80 19,08 32.24 38.12 43.80 46.90 
100 17.76 31.00 37.06 43.24 46.65 
120 16.30 30.10 36.24 42.54 46.00 
( Fig. 14 ) 
TABLE 15 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR NH^Cl 
SOLUTION AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /Cg = 10). Dilute side positive. 
Time (Min. 
Concn, 
) 0.2 M 0.1 M 0.05 M 0 .02 M 0.01 M 
0 17.00 20.50 28.12 38.82 46*64 
3 18.30 22.14 30.06 40.65 47.00 
5 19.67 23.00 31.37 41.52 47.67 
10 21.00 25.16 32.64 42.57 48.00 
15 20.54 26.58 34.60 43.50 48.74 20 20.26 26.20 34.00 45.18 48.94 
30 19.87 25.50 33.32 44.04 48.58 
40 19.00 25.23 32.50 43.93 48.02 
60 17.30 24.00 31.00 43.07 47.24 
80 17.00 22.62 29.98 41.52 45.70 
100 16.24 21.94 28.27 40.48 45.10 








Fig. 16; Plots of Membrane Potentials versus time for KNO3 
solution of varying concentrations (1) O.OI/O.OOIM; 
(2^ 0.02/0.002M"; (3) 0.05/0.005M; (4) O.l/O.OIM; 
and (5) 0.2/0.02M across a Silver Tungstate Membrane. 
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TABLE - 14 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR LiCl 
SOLUTION AT 25® C. 
Membrane potential (niV) at various concentrations 
(ratio Cj^ /C2 ® 10), Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 20.12 31.80 36.30 40.47 44.00 
3 21.48 33.54 37.62 41.22 45.20 
5 22.52 • 35.12 38.84 42.50 46.10 
10 25.15 36.60 39.96 43.69 46.34 
15 24.18 36.00 41.38 45.10 47.60 
20 24.00 35.70 40.65 46.12 48.62 
30 23.50 35.32 40.38 45.56 48.16 
40 22.58 34.56 39.84 45.24 48.00 
60 21.46 • 33.78 39.00 45.06 47.00 
80 19.08 32.24 38.12 43.80 46.90 
100 17.76 31.00 37.06 43.24 46.65 
120 16.30 30.10 36.24 42.54 46,00 
( Fig. 14 ) 
TABLE 15 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR NH^Cl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio ~ Dilute side positive. 
Time (Min. ) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 17.00 20.50 28.12 38.82 46.64 
3 18.30 22.14 30.06 40.65 47.00 
5 19.67 23.00 31,37 41.52 47.67 
10 21.00 25.16 32.64 42.57 48.00 
15 20.54 26.58 34.60 43.50 48.74 
20 20.26 26.20 34.00 45.18 48.94 
30 19.87 25.50 33.32 44.04 48.58 
40 19.00 25.23 32.50 43.93 48.02 
60 17.30 24.00 31.00 43.07 47.24 
80 17.00 22.62 29.98 41.52 45.70 
100 16.24 21.94 28.27 40.48 45.10 
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Fig. 16: Plots of Membrane Potentials versus time for KNO3 
solution of varying concentrations (1) O.Ol/O.OOlM; 
(2> 0.02/0.002M; (3^ 0.05/0.005M; (4) O.l/O.OIM; 
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Fig. 17. Plots of Membrane Potentials versus time for CH3COOK 
Solution of varying concentrations (1)0.01/0.001 M; 
(2) 0.02/0.002 M-, (3) 0.05/0.005m-,(4)0.1/0.OIK and 
0.2/0.02 M across a Silver Tungstate Membrane. 
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TABLE - 16 
MEMBRANE POTENTIAL ACROSS SILVER TUINJGSTATE MEMBRANE FOR KNO, 
SOLUTION AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^/C2 - 10). Dilute side positive. 
Time (Min.) 0.2 M 0.1 M 0.05 M 
J. 0.02 M 0.01 M 
0 12.54 17.08 28.00 37.12 42.10 
5 14.00 19.20 29.94 38.74 43.62 
10 - 15.40 20.02 31.30 40.18 44.70 20 15.00 22.72 34.56 43.20 46.60 
30 14.54 22.00 33.74 42.64 46.25 
40 14.22 20.32 33.52 42.60 46.16 
50 13.48 20.70 33.00 42.00 46.10 
60 13.34 20.00 32.50 41.04 45.34 
80 12.57 19.47 31.74 40.30 44.96 
100 12.00 17.54 30.63 40.16 44.80 
120 11.14 16.00 30.00 39.67 44.52 
TABLE - 17 
(Fig.16) 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR CH3COOK 
SOLUTION AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /Cg =10), Dilute side positive. 
Time (Min.) 
Concn,Cj^ 
0.2 M 0.1 M 0.05 -M 0.02 M 0.01 M 
0 16.20 23.10 .31.00 41.50 44.54 5 18.04 24.94 32.62 43.00 45.38 
10 20.00 26,2^ 34.54 43.62 47.10 
15 21.65 28.23 35.24 44.54 47.60 20 20.72 27.72 36.80 45.40 48.50 
30 20.12 27.20 36.23 45.00 47.62 40 19.80 26.90 35.80 44.20 47.34 60 18.00 26.48 35.00 43.22 47.00 
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Fig. 18. Plots of Membrane Potentials versus time for KgSO^ solution 
of varying concentrations (l) O.Ol/O.OOl M; (2)0.02/0.002 M-, 
(3) 0.05/0.005 M; (4) 0.1/0.01 M; and (5) 0.2/.02 M across 
a silver Tungstate Membrane. 
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Fig. 19: Plots of Membrane Potentials versus time for 
K2C2O4 solution of varying concentrations 
(I) O.OI/O.OOIM; (2) 0.02/0.002M; (3) 0.05/0.005M; 
(4) O.l/O.OIM; and (5) 0.2/0.02M across a Silver 
Tunerstate Membrane. 
TABLE - 18 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR K^SO^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C2 - 10). Dilute side positive* 
Time (Min.) 
Concn, Cj_ 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 21.25 27.00 38.54 46.00 48.74 
5 23.00 28.42 40.12 47.10 49.50 
10 25.12 30.08 42.07 47.80 50.57 
15 26.00 31.30 43.24 49.00 51.36 
20 25.30 32.12 45.00 50.00 52.30 
30 25.00 31.48 44.63 49.45 51.75 
40 24.54 31.24 43.70 49.20 51.48 
60 23.00 29.87 43.16 48.34 51.30 
80 22.06 29.36 41.50 47.72 50.74 
100 19.94 27.70 40.62 47.00 50.10 
120 19.00 26.64 39.48 46.53 49.40 
(Fig. 18) 
TABLE - 19 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR K2C2O4 
SOLUTION AT 25® C.• 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /C2 = lO)* Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 29.00 34.96 38.12 43.30 48.17 
5 30.24 36.32 40.50 45.10 48.72 
10 32.60 37.54 43.45 45.50 50.12 
15 34.15 39.10 43.70 46.64 50.68 
20 33.48 40.42 45.62 47.72 51.47 
30 32.64 39.63 44.94 48.75 53.46 
40 32.12 39.08 44.67 48.00 52.62 
60 31.20 38.12 43.80 47.12 52.38 
80 29.64 36.42 42.36 46.48 52.00 
100. 28.30 35.74 40.74 46.00 51.32 
120 26.50 34.06 39.86 45.08 50.42 
(Fig. 19) 
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F i g . 20: Plots of Membrane Potentials versus time for 
KsFeCy 6 Solution of varying concentrations 
(1) O'.OI/O.OOIM; (2^ 0.02/0.002M; (3) 0.05/0.005M; 
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Fig: 21: Plots of Membrane Potentials versus time for K4FeCy5 
solution of varying concentrations (1"^0.01/0.001M5 
(2) 0.02/0.002M'; (3^ 0,05/0.005M; (4) O.l/O.OIM gnd 
0,2/0,02M across a Silver Tungstate Membrane, 
TABLE > 20 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR KgFe Cy^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C^ = 10). Dilute side positive. 
Time (Min,) 0c2 M 0 , 1 M 0 . 0 5 M 
1 
0 . 0 2 0 . 0 1 iVi 
0 28 .48 34 .10 42 .00 45 .64 48 .14 
5 30.37 35 .86 43 .07 46 .31 48 .72 
10 32 ,20 37 .16 43 .70 47 ,00 50.02 
15 35 .10 39 .00 44 .62 47 .84 50.74 
20 37 .25 41 .32 46 .47 51 .32 51.64 
25 36 .42 39 .60 44 .46 48 .22 53.27 
30 35 .18 38 .47 44'. 39 47 .52 52.53 
40 33 .80 37 .18 44 .02 47 .00 52.00 
60 32 .12 35 .62 43 .00 46 .18 51.23 
80 31 .20 33 .82 42 .12 44 .96 49 .86 
100 28 .80 32 .12 41 .34 4 4 . 2 0 49 .00 
(Fig. 20) 
TABLE * 21 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR K^FeCy^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio - 10). Dilute side positive. 
Time (Mi 
Concn> c , 
Ln.) 0 . 2 M 0 . 1 M 0 . 0 5 M 
1 ' . 1 1 li ....1 
0 . 0 2 M 0 . 0 1 M 
0 33 .62 37 .54 43 .00 4 8 . 5 0 51 .96 
5 ' 35 .00 39 .57 44 .10 49 .48 52 .47 
10 36.12 4 0 , 2 4 44 .96 50 .00 53.30 
20 38.42 4 2 . 4 0 46 .00 51 .30 53.82 
30 37,18 41 .45 47 .58 52 .20 55 .30 
40 36 .48 41 .30 46 .70 51 .52 54 .48 
50 35 .52 • 4 0 . 5 0 46 .52 51.38 54 .06 
60 34 .17 40 .06 46 .00 50 .04 53 .74 
80 32 .50 39 .20 45 .20 49 .67 53 .50 
100 30 .74 38 .16 44 .64 48 .54 52.42 
120 28 .24 37 .00 43 .48 46 .78 51 .47 
(Fig. 21) 
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Fig. 22: Plots of Membrane Potentials versus time for various 
electrolytes (1^ AICI3; (2) BaClg; (3) SrClg; (4) MgCl2; 
and (5) CaCl2 across a Silver Tungstate Membrane. 
-116-
TABLE "11 
MEMBRANE POTENTIAL FOR VARIOUS ELECTROLYTES (O.l/O.Oi M) 
THROUGH SILVER TUNGSTATE MEMBRANE AT 25® C. 
Membrane potential (mV) for various sleetroiytes. 
Dilute side negative. 
Time (Min.) Ba CI2 Sr CI2 Ca CI2 Mg CI2 Al CI3 
0 21.82 20.00 18.34 19.18 ' 32.72 
3 - 22.50 - 21.00 - 19.15 - 20.16 — 33.48 
5 - 23.98 - 22.07 - 19.70 mm 20.85 - 34.40-
10 - 24.00 - 23.62 - 21.16 23.00 - 34,08 
20 - 23.67 - 22.80 ^  « 20.34 •mm 22.00 - 33.62 
30 - 23.32 22.50 - 19.64 21.50 - 33.28 
40 - 23.00 - 22.00 • 19.16 •m 20.80 -m 32.70 
60 - 22.48 21.34 18.00 « 20.10 32.00 
80 - 21.92. - 20.68 * 16.74 18.48 - 31.16 
100 21.64 - 19.32 - 15.67 - 17.62 30.65 
120 — 20.00 #MK 18.90 13.62 16.20 mm 29.76 
(Fig. 11) 
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F i g . 2 3 : P l o t s o f M e m b r f i n e P o t e n t i a l s v e r s u s t i m e f o r K C l 
s o l u t i o n o f v a r y i n g c o n c e n t r a t i o n s (l'^ O . O I / O . O O I M ; 
(2) 0 , 0 2 / 0 . 0 0 2 M ; ( 3 ^ 0 . 0 5 / 0 . 0 0 6 M ; ( 4 ) O . l / O . O I M ; 
a n d C 5 ) 0 . 2 / 0 . 0 2 M a c r o s s a S i l v e r P h o s p h a t e 
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Fig. 24: Plots of Membrane Potentials versus time for NaCl 
solution of varying concentriqtions (1) 0»01/0.001 M; 
(2) 0.02/0.002 M; 0.05/0.005 M; (4) 0.I/O.01 M; 
and (5^ 0.2/0.02 M across a Silver Phosphate Membrane. 
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TABLE - 23 
MBABRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR KCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C^ - 10). Dilute side positive. 
Concn, C, 
Time (Min.) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 19.30 23.00 27.00 32.34 40.00 
3 20.48 23.75 . 28.12 32.80 40.82 
5 21.80 25.10 28.86 34.00 41.68 
10 22.64 26.32 29.10 35.00 42.56 
15 22.34 27.25 30.00 35.22 43.14 
20 21.84 26.70 29.50 36.60 44.25 
30 21.25 26.25 29.00 36.00 43.70 
40 20.67 25.80 28.83 36.10 43.00 
60 20.12 25.00 28.46 34.16 41.-32 
80 18.00 24.12 27.45 33.36 40.74 
100 17.08 23.00 26.34 32.00 40.38 
120 15.46 21.74 26.24 31.27 39.87 
(Fig. 23) 
TABLE ~ 24 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPfiATE MEMBRANE FOR NaCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio - 10). Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 20.64 29.00 34.62 38.12 42.64 
3 22.00 30.24 35.70 39.00 43.50 
5 23.16 31.54 37.52 40.06 44.00 
10 24.80 33.41 38.45 40.64 44.38 
15 23.74 33.10 39.20 42.00 45.13 
20 23.57 32.73 38.74 41.50 46.00 
30 23.30 32.00 38.50 41.20 45.52 
40 23.00 31.92 38.30 41.00 44.90 
60 22.00 31.00 37.48 40.16 44.50 
80 20.72 30.07 37.10 40.12 43.72 
100 19.58 28.76 35.64 39.00 43.00 
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Pig. 25: Plots of Membrsine Potentials versus time for LiCl 
Solution of varying concentrations (I'l 0»01/0.001 M; 
(2^ 0.02/0.002 M; (3) 0.05/0.005 M; (4) 0.I/O.01 M; and 
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Fig. 26; Plots of Membrane Potentials versus time for NH4GI 
solution of varying concentrations (1) 0.01/0.001 M; 
(2^ 0.02/0.002 M; (3^ 0.05/0.005 M; (4) 0.2/0.02M; • 
and (5^ O.l/O.OilM-,. across a silver Phosphate 
Membrane. 
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TABLE - 25 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR LiCl 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /Cg = 10). Dilute side positive. 
Time (Min.) 
Concn, Cj_ 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 21.36 29.62 37.65 42.46 44.60 
3 22.54 30.46 38.70 42.70 45.00 
5 23.70 31.50 40.00 43.50 46.00 
10 24.87 32.67 40.48 43.78 46.34 
15 26.10 34.28 41.56 44.54 46.50 
20 25.48 33.52 41.00 45.30 47.25 
40 24; 62 32.60 40.32 44.00 46.50 
60 23.46 32.00 39.50 43.48 45.70 
80 22.00 31.42 39.00 42.23 45.54 
100 21.25 30.48 38.46 41.52 45.00 
120 20.00 29.64 37.24 40.60 44.60 
(Fig. 25) 
TABLE -> 26 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR NH^Cl 
SOLUTION AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio )• Dilute side positive. 
Time (Min.) 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 17.40 21.50 28.76 36.80 42.00 
3 18.46 23.00 29.56 37.70 43.12 
5 19.64 24,00 30.68 39.00 44.00 
10 20.66 25.21 32.17 40.75 45.48 
20 19,80 24.60 34.62 43.50 46.67 
30 19.48 24.16 34.00 43.00 46.50 
40 19.00 24.00 33.47 42.48 46.20 
60 18.50 23.48 32.50 41.50 45.24 
80 17.30 22.54 31.00 41.00 45.00 
100 16.00 22.32 30.36 40.00 44.64 
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Fig. 27: Plots of Membrane Potentials versus time for KNO3 
solution varying concentrations (11 O.Ol/O.GOlM; 
0.02/0.002M; (3^ 0.05/0.005M; (4) 0.I/O.DIM; 
and (5^  0.2/0.02M across a Silver Phosphate 
Membrane. 
80 100 
TIME G minutes ) 
Fig. 28: Plots of Membrane Potentials versls time for 
CH3COOK solution of varying concentrations 
(1) G.OI/O.GOIM; (2) 0.02/0.002M; (3) 0.05/0.005M; 
(4") 0.1/0.DIM; and 0.2/0.002M across a Silver 
Phosphate Membrane. 
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TABLE - 28 
MEMBRME POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR KNO3 
SOLUTia^I AT 25» C, 
Membrane potential (mV) at various concentrations 
(ratio C^/C^ ~ 10). Dilute side positive. 
Time (Min. 
Concn, 
) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 22.42 25,62 32.00 40.56 44.00 
5 24.64 28.00 32.64 42.00 45.18 
10 25,47 29.20 33.76 43.46 46.30 
15 27.10 31.00 34.56 44.56 47.00 
20 26.24 30.54 35.50 46.35 48.30 
30 26.00 30.24 34.72 45.62 47.60 
40 25.06 30.00 34.65 44.94 47.48 
60 24.48 29.12 33.78 44.00 47.00 
80 23.74 28.50 33,00 43,12 46.34 
100 23.00 27.64 32.50 41.80 45.70 
120 21.50 26.48 31.47 40,72 45.54 
(Fig. 27) 
TABLE r28 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR CH^COOK 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C2 = 10). Dilute side positive. 
Time (Min.) 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 29»40 36.70 45.00 47.36 5J .48 
5 31.52 38.67 46,82 50.00 52.20 
10 34.00 40.30 47.64 51.06 53.00 
15 33.64 41.26 49.24 52.24 54.12 
20 32.70 40.58 48.50 53.40 55.00 
30 32.48 40.42 48.42 52,50 54.52 
40 32.20 47.60 52.43 54,37 
60 31.24 39.24 47.50 51.34 54.00 
80 29.92 38.50 46.48 51.30 53.50 
100 29.18 37.00 45.52 50.62 53.23 
120 27.68 36.37 45.16 50.24 52.16 
(Fig. 24) 
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Fig. 31: Plots of Membrane Potentials versus time for KsFeCyS' 
solution of varying concentrpitlon (1) G.GI/G.OGIM; 
0.02/0,002M-, (3^ 0.05/0.G05M; (4) G.l/O.OIM; and 
(S'* 0.2/G,G2M across a Silver Phosphate Membrane. 
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TABLE - 31 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR KgFeCy^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio C^/C2 =10). Dilute side positive. 
Time (Min,) 
Concn, Cj^  
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0 33.48 37.60 42.64 51.00 54.00 
5 34.84 39.84 43.50 52.38 55.07 
10 36.25 41.25 44.58 53.27 55.62 
15 37.64 43.00 45.36 53.73 56.76 
20 38.92 44.50 46.25 55.12 57.00 
30 37.50 43.34 48.25 56.72 57.95 
40 37.00 43.20 47.54 56.00 57.30 
60 35.36 42.16 47.00 55.53 57.24 
80 33.80 40.74 45.46 54.50 56.34 
100 31.00 39.78 44.87 53.80 56.32 
120 30.00 38.64 43.70 53.00 55.25 
(Fig. 31) 
TABLE - 32 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR K^FeCy^ 
SOLUTION AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio O^/C^ ==10). Dilute side positive. 
Time (Min,) 
Concn, 
0.2 M 0,1 M 0'.05 M 0.02 M . 0.01 M 
0 37.50 40,78 43.30 51,50 55.68 
5 38.48 42.00 44,38 52,72 56.00 
10 40.00 42.47 45,05 53,48 56,44 
20 42.40 44.20 46.50 54,95 56,60 
25 42,00 45.07 47.18 56,00 56.92 
30 41.28 44.50 48.62 56,78 57.54 
40 41,00 44.00 47.08 56.17 58.50 
60 39,87 43.52 46.80 55.46 57.48 
80 39.00 42.10 46.12 54,40 56,46 
100 37,00 41.28 44.94 53,78 55.70 
120 36,20 40.57 44.16 52,64 55.19 
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TABLE - 50 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR 
VARIOUS ELECTROLYTES AT 25° C, 
Membrane potential (mV) at various concentrations 
(ratio ~ 
_Concn, Cjj^. 
Electrolyte 0,2 M 0.1 M 0.05 M 0.02 M 0.01 M 
K CI 21.30 24.62 33.52 42.30 45.26 
NaCl 23.00 28.58 35.00 47.60 50.72 
LiCl 24.50 34.60 39.00 48.52 51.00 
NH4CI 19,24 28.46 37.40 46:74 48.76 
(Fig. 34) 
TABLE - 35 
MEMBRANE POTENTIAL ACROSS SILVER CHLORIDE MEMBRANE FOR 
VAHIOUS ELECTROLYTES AT 25® C. 
Membrane potential (mV) at various concentrations 
(ratio " 10). 
_Concn, C, 
Electrolyte 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
KNO^ 25.40 30.72 38.15 46.00 52.00 
CH3COOK 26.75' 34.00 41.36 49.74 53.20 
KgSO^ 28.04 34.20 43.15 48.00 54.72 
K^C^O^ 30.42 39.65 44.00 54.04 56.00 
K^FeCy^ 28.86 36.76 45.40 56.12 58.30 
K^FeCy^ 34.76 38.57 47.56 56.40 58.67 
( Fig. 42) 
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41. Membrane Potentials against LOG 1/C]_ for various 
electrolytes (l) NH4C1-, (2) LlCl, (3) NaCl, and 
(4) Kcl across a Silver fungstate membrane. 
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Fig. 42. Membrane iDotentials against LOG 1/Ci for various 
elecfcrljrtes (1) K^FeCyg; <2) KgFeCyS-, 
(4) KgSO^; (=^)CHgCOOK; and (6)'~KN03 across a 
Silver Tung state Membrane» 
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TABLE - 50 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRAfxIE FOR 
VARIOUS ELECTROLYTES AT 25° C. 
Membrane potential (m V) at various concentrations 
(ratio Cji/C^  = 10). 
_Concn, Cj^ . 
Electrolyte 0,2 M 0.1 M 0.05 M 0.02 M 0,01 M 
KCl 19.72 22.50 28.65 37.70 41.65 
NaCl 24.45 29.46 32.50 41.56 46.60 
LiCl 25.15 36.60 41.38 46.12 48.62 
NH^Cl 21.00 26.58 34.60 45.18 48.94 
(Fig. 41) 
TABLE - 43 
MEMBRANE POTENTIAL ACROSS SILVER TUNGSTATE MEMBRANE FOR 
VARIOUS ELECTROLYTES AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /C^  « 10). 
Electrolyte 0.2 M 0.1 M 0.05 M 
X 
0.02 M 0.01 ? 
KNO3 15.40 22.72 34.56 43.20 46.60 
CHgCOOK 21.65 28.23 36.80 45.40 48.50 
K2S0^ 26.00 32.12 45.00 50.00 52.30 
34.15 40.42 45.62 48.75 53.46 
K3FeCy6 37.25 41.32 46.47 51.32 53.27 
K^FeCy^ 38.42 42.40 47.58 52.20 55.30 
( Fig. 42) 
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TABLE - 31 
APPARENT ANION MOBILITIES IN THE MEMBRANE PHASE FOR 
SILVER TUNGSTATE MEMBRANE AT 25® C. 
Electro- Anion 
lyte 
True Apparent mobilities at various 
Mobi- concentrations ( ratio C,/C„ = 10), 
lity - 1 2 Concn, C, 
0.2 M 0.1 M 0.05 M 0.02 M O.OIM 
KCl CI" 76.4 34.28 31.55 23.60 14.83 11,63 
NaCl Cl~ 76.4 19.02 15.26 12.63 6.43 5.18 
LiCl CI""' 76.4 14.58 8.01 5.82 3.92 3.06 
NH^Cl CI" 76.4 36.22 24.45 17.00 7.91 5.46 
(Fig, 43) 
TABLE - 45 
APPARENT ANION MOBILITIES IN THE MEMBRANE PHASE FOR 
SILVER TUNGSTATE MEMBRANE AT 25° C. 
Electro- Anion 
lyte 
True Apparent mobilities at various 
Mobi- concentrations ( ratio ~ 
^^^^ Concn, C, 
0.2 M O.I M 0.05 M 0. 02 M 0.01 
KNO3 NO- 71 .5 40.93 30.22 22.22 9. 86 7.66 
CH3COOK CH3COO 40 .9 34.12 25.96 16.66 9. 59 7.18 
i SO^ 80 .0 27.97 19.13 4.01 3. 17 
^2^204 i C204 74 .2 28.77 19.54 13.31 9. 64 4.91 
(Fig. 44)" 
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TABLE - 48 
VALUES OF PERfA-SELECTIVITY (Ps) FOR VARIOUS ELECTROLYTES 
ACROSS SILVER TUNGSTATE MEMBRANE AT 250C. 
Perm-selectivity at various concentrations 
(ratio C^/C^ =10). 
Electrolyte 
Concn.Cj, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
KCl 0.172 0.221 0.358 0.718 1.0 
NaCl 0,135 0.210 0.276 0.596 1.0 
NH^Cl 0.076 0,134 0.229 0.605 1.0 
KNO3 0.063 0.120 0.304 0.691 1.0 
CH3COOK 0.125 0.197 . 0.368 0.722 1.0 
0.364 0.427 0.525 0.629 1.0 
KgFeCy^ 0.456 0.502 0.603 0.809 1.0 
0.453 0.481 0.551 0.697 1.0 
(Fig. 46) 
TABLE - 49 
VALUES OF RELATIVE INCREASE IN'PERM-SELECTIVITY (Ps-Pso/Pso) 
FOR VARIOUS ELECTROLYTES ACROSS SILVER TUNGSTATE MEMBRANE 
AT 25® C. 
Relative increase in Perm—Selectivity at various 
concentrations ( ratio Cj^ /Cg ~ 10). 
Electrolyt e 0.2 M 0.1 M 0.05 M 
X 
0.02 M 0.01 M 
KCl 4.80 3.52 1.79 0.39 0.0 
NaCl 6.39 13.74 2.62 0.67 0.0 
NH4CI 12.14 6.43 3.35 0.65 0.0 
KNO3 14.46 7.33 2.28 0.44 0.0 
CH3COOK 7.00 4.07 1.71 0.38 0.0 
K ^ c ^ o ; 1.74 1.34 0.91 0.58 0.0 
K3FeCyg 1.19 0.99 0.65 0.23 0.0 
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Fig. 48. Membrane potentials plotted against LOG 1/C]_ for 
various electrolytes (l) NH^Cl; (2) Lid; (3) K d 
and (4) NaCl across a Silver Phosphate Membrane^ 
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i'^ ig. 49. Membrane Potentials against LOG 1/C]_ for various 
electrolytes (l) K4FeCy6 ; <2) KsFeCyg; (3)K2C204 
(4)K2S04; (5) CH3COOK; and (6) KNO3 across a 
Silver Phosphate Membrane. 
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TABLE - 50 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR 
VARIOUS ELECTROLYTES AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio Cj^ /Cg = 10). 
Electrolyte 0,2 M 0.1 M 0.05 M 0.02 M 0.01 1 
KCl 22.64 27.25 30.00 36,60 44.25 
Na CI 24.80 33,41 39.20 42.00 46.00 
LiCl 26.10 34.28 41.56 45.30 47,25 
NH^Cl 20.66 25.21 34.62 43.50 46.67 
(Fig. 48} 
TABLE ^ 51 
MEMBRANE POTENTIAL ACROSS SILVER PHOSPHATE MEMBRANE FOR 
VARIOUS ELECTROLYTES AT 25° C. 
Membrane potential (mV) at Various concentrations 
(ratio Cj^ /Cg -10). 
Concn. C, ir 
Electrolyte 0,2 M 0,1 M 0.05 M 0.02 M 0.01 M 
KNO3 27.10 31.00 35.50 46.35 48,30 
CH3COQK 34.00 41.26 49,24 53,40 55,00 
K2SO4 35.28 38.85 42,00 54,88 56,37 
K2C2O4 37.00 45.04 47,75 55,10 57,30 
K3FeCy^ 38.92 44.50 48,25 56,72 57,95 
K^FeCy^ 42.40 45.07 48,62 56.78 58,50 
( Fig. 42) 
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TABLE - 31 -121-
APPARENT ANION MOBILITIES IN THE MEMBRANE PHASE FOR 











True Apparent mobilities at various 
Mobi- concentrations { ratio Cjj^ /C2 = 10). 
Concn, Cj^  

















TABLE - 53 
APPARENT ANION MOBILITIES IN THE MEMBRANE PHASE FOR 
SILVER PHOSPHATE MEMBRATE AT 25° C. 
Electro- Anion 
lyte 
Apparemt mobilities at various 




0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
KN03 NO; 71, .5' 24.64 '20.18 15.83 7.33 6.34 
C H 3 C O O K C H 3 C 0 0 40, .9 19.84 13.01 6.65 3.66 2.58 
K 2 S 0 4 i S 0 7 80, .00 11.51 8 . 7 0 4.53 3.38 1.44 
K^C^O^ 74, .2 24.32 11.21 10.98 3.44 1.45 
(Fig. 51) 
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TABLE - 54 
TRANSFERENCE NUMBERS OF CATIONS ACROSS SILVER PHOSPHATE 
MEMBRANE AT 25® C» 
Transference numbers of Cations at various concentrations 
(ratio C^C^® 10), 
Electrolyte 0.2 M 0.1 M 0.05 M 0.02 M 0.01 ? 
KCl 0.709 0.748 0.769 0.823 0.886 
NaCl 0.728 0.802 0.850 0.869 0.901 
LiCl 0.735 0,808' 0.871 0.901 0.914 
NH^Cl 0.692 0.731 0.814 0.889 0.911 
(Fig. 52) 
TABLE - 55 
TRANSFERENCE NUMBERS OF CATIONS ACROSS SILVER PHOSPHATE 
MEMBRANE AT 25® C. 
Transference numbers of Cations at various concentrations 
(ratio C^/C2 =10). 
Electrolyte 0.2 M 0.1 M 0,05 M O.Ce M 0.01 i 
KNO3 0.751 0.785 0.852 0.902 0.921 
CH3COOK 0.795 0,849 0.917 0,952 0.966 
K^SO^ 0.861 0.891 0.906 - -
S C 2 O 4 0.748 0.846 0,869 0.953 -
KgFeCy^ 0.744 0,815 0,863 0,970 0,986 
K^FeCy^ 0;775 0,819 0,859 0.969 -
(Fig. 52) 
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TABLE - 56 
VALUES OF PERM-SELECTIVITY (Ps) FOR VARIOUS ELECTROLYTES 
ACROSS SILVER PHOSPHATE" MBilBRANE AT 25® C» 
Perm-selectiyity at various concentrations 
(ratio C^/Cg'« iO). 
Concn, 
0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
0.161 
/ 
0.238 0.303 0.512 1.0 
0,153 0.308 0,507 0.667 1.0 
0.156 0.285 0;532 0.792 1.0 
0.104 0.157 0.'329 0.752 1.0 
0.069 0.169 0.365 0.692 1.0 
0.296 0.339 0,360 0,591 1.0 








TABLE ~ 57 
(Fig. 53) 
VALUES OF RELATIVE INCREASE IN PERM-SELECTIVITY (Ps-Pso/Pso) 
FOR VARIOUS ELECTROLYTES ACROSS SILVER PHOSPHATE MEMBRANE 
AT 25® C. 
Relative increase in Perm-Selectivity at various 
concentrations ( ratio C^/C^ = 10). 
Electrolyte 0.2 M 0.1 M 0.05 M 0.02 M 0.01 M 
KCl 5.20 3.19 2.29 0,95 0,0 
NaCl 5.53 4.51 0,97 0.49 0.0 
LiCl 5.43 2.51 0.87 0.29 0.0 
NH^Cl 
CH3COOK 
8.62 5.37 2.03 0,33 0.0 
13.49 4.89 1.72 0.44 0.0 
2.38 1.95 1.77 1.44 0.0 
K3FeCy6 3.13 1.68 1.57 0.55 0.0 
(Fig. 54) 
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TABLE - 31 
VALUES OF ( i ) MEMBRANE POTENTIALS (ii) APPARENT MOBILITIES 
(iii) TRANSFERENCE NUMBERS FOR VARIOUS ELECTROLYTES 
(0.1/0.01 M), THROUGH SILVER CHLORIDE MEMBRANE AT 25° C. 
Electrolyte Membrane Mobilities of Transference Numbers 
Potential Cations 
(mV) True Apparent 
BaCl2 - 24.93 63.6 14.64 0,879 
SrCl^ - 23.35 59.4 44.98 0.839 
MgCl^ - 23.15 53.0 52.02 0.696 
CaCl^ - 22.04 59.5 35.28 0.763 
AICI3 - 35.50 - Mi 0.810 
TABLE - 59 
VALUES OF (i) MEMBRANE POTENTIALS (ii) APPARENT MOBILITIES 
(iii) TRANSFERENCE NUMBERS FOR VARIOUS ELECTROLYTES 
t0.1/0.01 M), THROUGH SILVER TUNGSTATE MEMBRANE AT 25° C. 
Electrolyte Membrane Mobilities of Transference Numbers 
Potential Cations ^ 
T?ue Apparent ^ 
BaCl2 - 24.00 63.6 16.71 0.865 
SrCl2 - 23.62 59.4 44.48 0.724 
MgCl2 - 23.00 53.0 52.36 0.687 
CaCl^ - 21.16 59.5 37.61 0.752 
AICI3 - 34.40 - 0.792 
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TABLE - 31 
VALUES OF (i) MEMBRANE P0TE^4TIALS (ii) APPARENT MOBILITIES 
(iii) TRANSFERENCE NUMBERS FOR VARIOUS ELECTROLYTES 
(O.i/O.Oi M), THROUGH SILVER PHOSPHATE M0^BR^.NE AT 25° C. 
Electrolyte Membrane Mobilities of Transference Numbers 
potential Cations ^ 
(mv) Apparent 
8aCl2 - 27.00 63.6 10.30 0.911 
SrCl2 ~ 24.50 59.4 42.39 0.732 
MgCl2 - 24;32 53.0 49.18 0.706 
CaClg - 23.24 59.5 32.18 0.777 
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TABLE * 61 
MEMBRANE POTENTIAL ACROSS SILVER IERRICYANIDE MEMBRANE 
FOR VARIOUS ELECTROLYTES AT 25° C. 
Membrane potential (mV) at various concentrations 
(ratio - 10), Dilute side positive. 
C, 
Electrolyte 0.2 M 0.1 M 0.05 M 
j.-
0.02 M 0.01 M 0.02 M 
KNO3 6.19 17.50 20.00 23.50 25.50 31.48 
HaNO^ 13.98 24.53 27.50 30.48 32.47 37.02 
NH^N03 24.51 31.49 36.04 39.01 43.49 45.05 
K2SO4 15.02 17.50 21.51 25.47 28.48 37.50 
Na2S04 14.96 21.50 27.50 32.02 34.96 43.50 
(NH^)2S04 26.48 34.48 37.50 39.98 42.50 46.50 
K3Fe(Cyg) 12.50 17.50 22.50 26.58 32.50 38.01 
K4Fe(Cy)^ 17.52 20.50 27.51 33.47 37.50 43.47 
(Fig. 55) 
TABLE - 62 
APPARENT ANION MOBILITIES IN THE MEMBRANE PHASE FOR 
SILVER-FERRICYANIDE MEMBRANE AT 25® C. 
Electro- Anion Toue Apparent mobilities at various 
lyte Mobi- concentrations ( ratio C,/C^ ~ 10) 
lity Concn.Cj^ . 
0.2 M 0.1 M 0.05 M 0.02 M O.OIM 0.02 M 
KNO3 NO3 71.5 57.86 
NaNOg NO3 71.5 29.28 
NH4NO3 NO3 71.5 27.32 
K2SO4 i SO^ so;6 39.52 
Na2S04 i- SO" 80.0 25.48 
(NH4)2S0^ i SO" 80.0 27.90 
K3Fe(Cy)g iFeCy^lOO.9 35.50 
37 .90 34 .30 30 .30 28.20 21 ,70 
19 .30 16 .90 15 .90 13.90 11 ,00 
19 .40 15 .40 13 .30 9.80 9 .40 
33 .80 30 .00 23 .30 22.40 13 .60 
19 .90 14 .30 11 .90 10.12 7 .30 
19 .30 16 .40 14 .10 11.90 8 .80 
28 .50 24 .70 19 .70 15,60 11" .70 
35 .60 26 .70 20 .20 16.40 11 .20 
(Fig. 224) 
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TABLE - 31 
TRANSFERENCE NUMBERS OF CATIONS ACROSS SILVER FERRICYANIDE 
MEMBRANE AT 25° C. 
Transference numbers of Cations at various concentrations 
(ratio C^/C^ =10). 
Electrolyte 0.2 M 0,1 M 0.05 M 0.02 M 0.01 M 0.002M 
KNO3 0.559 0.674 0.681 0.716 0.726 0.766 
NaNO^ 0.631 0.724 0.746 0.768 0.783 0.'813 
NH^NO^ 0.729 0.791 0.823 0.856 Oi882 0.881 
KgSO^ , 0.519 0.555 0.625 0.651 0.687 0.703 
Na2S0^ 0.559 0.644 0.703 0.741 0.770 0.813 
(^"4)2304 0.741 0.835 0.849 0.861 0.876 0.905 
(Fig. 57) 
TABLE " 64 
VALUES OF PERM-SELECTIVITY (Ps) FOR VARIOUS ELECTROLYTES 
ACROSS SILVER-FERRICYANIDE MEMBRANE AT 25® C. 
Perm-Selectivity at various concentrations 
(ratio = 10). 
Electrolyte 0.2 M 0.1 M ' 1-0.05 M 0.02 M 0.01 M 0.002 M 
KNO3 0.088 0.316 0.426 0.549 0.667 1.0 
NaNOg 0.159 0.284 0.492 0.620 0.718 1.0 
NH4NO3 0.158 0.282 0.435 0.534 0.856 1.0 
K2SO4 0.438 0.480 0.576 0.741 0.813 1.0 
Na2S04 0.265 0.306 - 0.497 0.617 1.0 
(NH4)S04 0.166 0.212 0.357 0.496 0.653 1.0 
(Fig. 58) 
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TABLE - 65 
VALUES OF RELATIVE INCREASE IN PERM-SELECTIVITY (Ps-Pso/Pso) 
FOR VARIOUS ELECTROLYTES ACROSS SILVER FERRICYANIDE ME"ABRANE 
AT 25° C. 
Relative' increase in Perm-Selectivity at various 
concentrations ( ratio ~ 
__ Concn. C, 
Electrolyte 0.2 M 0.1 M 0.05 M 0.02 M ' O.OL M 0.002 M 
KNO3 0,0 2.59 3.84 5.23 6.58 10.36 
NaNO^ 0,0 0.786 2.09 2.89 4.14 5.28 
NH4NO3 0,0 0.784 1.75 2.37 4.41 5.33 
KgSO^ 0.0 0.095 0.31 0.69 0.85' 1.28 
NagSO^ 0.0 0.154 - 0.87^ 1.32 2.77 
(NH^)2S0^ 0.0 0.277 1.15 1.99 2.93 5.02 
TABLE - 66 
(Fig. , 59) 
VALUES OF MEMBRANE RESISTANCE (Rm) OF SILVER FERRICYANIDE 
MEMBRANE FOR VARIOUS ELECTROLYTES AT 25° C. 
o Membrane Resistance (ohm/cm ) at various concentrations. 
Concn.(M) 
Electrolyte 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001 
KNO3 11.90 13.36 15,90 21.7! 26.4( 33.40 48.7( 59.6r> 
NaNOg 14.90 18.80 20.54 26.7f 31.6: 41.Or 54.3: 73.oV 
NH^NOg 16.80 21.80 25.20 32.OC 41.Of- 50.2' 71.60 94,4r 
KgSO^ 37.60 42.20 47.34 65.Or 75.On 86.6V 115.6 133.2 
Na2S04 43.42 48.74 57.92 74.6; 85.9! 134.0 145.4 188.4 
(NH^)2S0^ 59.50 72.86 86.54 106.0 146.0 168.2 205.4 253.0 
K^FeCy^ 51.30 61.40 72.90 91.7f> 120.0 170.0 237.4 298.0 
K^FeCyg 72.45 100.CP 115.50 142.0 182.8 224.0 317,5 398.4 
(Fig. 60) 
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RESULTS AND DISCUSSION : 
The results described in the preceeding pages 
can be discussed in the light of various theories of 
membrane permeability with special reference to the 
thermodynamic and kinetic aspect of membrane phenomena. 
The results on (i) membrane permeability P (ii) diffusion 
rate Dj^  and (iii) diffusion coefficient D^ have to 
be viewed together in order to elucidate the mechanism 
of permeation through the investigated membranes. 
According to Dean, (l) when the rate S of 
diffusion of solute across a porous membrane separating 
solutions of concentrations C^ and C2 reaches a steady 
state value the concentration gradient is approximately 
uniform throughout the membrane'and 
S = D A AC/t 
where D is 'the integral diffusion coefficient of the • 
solute, within the membrane, which depends on the nature 
of the electrolyte used, its concentration and the 
nature of the membrane itself. A and t are the 
effective cross-sectional area and length of the pores 
of the membrane and AC = Cj^  - C^ i.e. the concentration 
difference across the membrane. For a particular 
membrane therefore, 
S = K D AC 
-141-
where K = )(A/t) is a constant depending only on the 
dimensions and physical structure of the membrane. 
The permeability P of the membrane is the amount of 
solute diffusing across the membrane in unit time per unit 
concentration difference and therefore, 
P = S/AC = K D 
The order of permeability of various electrolytes 
through the investigated membranes is given below : 
(i) For potassium salts 
C X " ^ NOj^CHgCCW-^SO^^CgO^ > F e C y g > FeCy^ 
(ii) For sodium salts 
C1"">N03>€H3C00'"^ SO^ 
While among the cftlorides of alkali and alkaline 
earth metal cations the order is 
(i) ccTioris) 
(ii) " .ri-valont 
cctionG ). 
The order of diffusion rate calculated from 
the equation used by W.W. Kittelberger (2) showjfthat 
the order of the diffusion rate Dj^  for various chlorides 
of alkali and alkaline earth raetal cations is similar 
to that obtained under steady state condition. The 
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diffusion rate D^ ^ depends mainly upon two factors (x) the 
membrane resistance, R^ ^ and (ii) the membrane potential, ' 
E^, The changes in the diffusion rate Dj^  ovo"^  r: rn iCje 
^Knearly five hours are shown in Figs, 1-4 while the 
plots of membrane resistance, R^jand membrane potential, 
Ej^  against time are shown in figs^ 5-12. Comparative 
representations of Dj^ , R^ and E^ for various cations 
( for different membranes ) are shown in Figs. 13-16. 
Diffusion or the permeability of the electrolytes 
through the membrane is slower than in the free solution 
as well as the order ( in free solution ) does not 
remain the same due to various reasons : 
(i) Only a part of the membrane frame work is 
available for diffusion (3). 
(ii) The diffusion paths in the membrane are more 
tortuous and therefore longer (4). 
(iii) The large ions hydrated in the narrow-mesh region 
of the membrane may be impeded in their mobility 
by the frame work. The retardation usually -
increases somewhat with increasing size of the 
diffusing species. 
(iv) The interaction (electrostatic) with fixed 
groups may retard diffusion. 
The two main factors which determine the permeability 
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Fig. 5. Plots of membrane resistance Bra, 
against concentrations for various 
electrolytes (l) A1G1^;(2) LiCl; 
KCl; (4) BaClp; (5) MgClg-, (6 )SrCl2; 
(7) NaClgand ts) CaClg; across af 







Plots of membrane resistance Rm, 
against concentration for various 
electrolytes: (1) AlClg-, (2) LiCl; 
(3) BaClg; (4) WaCl; (5) KCl; ( 
(6'5. MgClg; (7) SrClg; and (a)CaCl2, 
across Silver Tungstate Membrane. 
350h 
CONCENTRATION (mM) 
Plots of membrane resistance Rm, 
against concentration for various 
electrolytes? (1)A1C13;(2) BaClg; 
(3)LiCl; (4) KCl; (5) MgClg; 
(6) NaCl; (7) SrClg; and (8) CaClg] 
across Silver Phosphate Membrane. 
A O A.5 
CONCENTRATION 
Fig. 8. Plots of membrane resistance Rm, 
against concentration for various 
electrolytes: (l)AlClo: (2) BaClpt 
(3) LiCl; (4) NaCl; (s) MgClg; 
(6) KCl: (7) SrClg; and (8) CaCl2, 
across Silver Fenicyanide Membrane. 
(mM) 
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of the ions are t 
(i) The charge on the membrane pores due to either 
adsorption or ionisation which acts as a barrier 
to the diffusion of ions according to the TMS 
theory { loc. cit, ) and 
(ii) the sieve action whereby screening of iorts according 
to their size takes place, larger ions diffusing 
out more slowely than the smaller ones and 
vice-versa. 
The permeability is best described (5) in terms 
of an extra energy barrier at the membrane. The 
membrane prevents the ions at the lower end of the 
kinetic energy distribution, from passing through, and 
therefore acts as an energy sieve. 
This approach parallels the general method of 
treating diffusion in liquids on the molecular level, 
where the actual events are not fully known, but one 
can conceive of high energy states through which the 
permeants must pass. Langmuir's (6) original formulation 
of permeation process in terms of an energy barrier can 
be very well applied to the results of permeability of 
various electrolytes through the membranes investigated, 
A Boltzmann expression f = exp ( - E/kT ) gives 
the fraction f of ions which have an energy in excess 
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constant and T is the absolute temperature. E is 
evaluated by assuming that a permeating ion has to do 
work against- the electro-chemical nature of the 
membrane { the investigated parchment supported membranes 
are negatively charged.). Since the rate of permeation 
should vary directly as with the fraction of ions having 
the required energy for penetration, f is proportional 
to permeability. 
The permeating ions exist in solution in different 
states of hydration. There is an equilibrium concen-
tration of unhydrated ions given by the expression 
f = exp ( - E/kT ) and the rate of permeation is 
determined by the fraction of ions which has sufficient 
energy to overcome the energy barrier due to the 
membrane which is mainly electrostatic in nature. 
The results of permeability of electrolytes show 
strong dependence upon the temperature. From the 
temperature coefficient as determined by plotting 
LOG P { or LOG D ) against l/T, the energy of 
activation of the diffusion processes, i.e. E, was 
calculated from the slope which is equal to - E/2.303 R 
(Figs. 18-26, Chapter I ). 
The values were found to lie between 4.0 - 7.0 kcal, 
mole""^  for the diffusion of various electrolytes through 
the various membranes. On comparing the values of the 
activation energy for the free diffusion of various 
electrolytes with those calculated for diffusion through 
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the membrane one can conclude that the membrane barrier, 
which the ions must transcend in the process of diffusion, 
must be greater than that for free diffusion. 
Zwolinski^ Eyring and Reese (8) have applied tfee 
theory of absolute reaction rate to the diffusion process 
through membranes. The Eyring activation parameters, 
AHt , the enthalpy of activation, AS+ , the entropy 
of activation and AG^ , the free energy of activation, 
deriv>ed from transition state theory of rate processes 
are calculated and presented in Tables 1-3. 
It is found that the values of AG^ are all 
positive and are in the range 5-6 kcal. mole"^. It has 
rightly been suggested by Tien and Ting (7) that a 
positive value of AOt should be obtained since a 
negative AG^ would mean that the activated state actually 
possess^' less energy. This is highly unlikely event 
(in-terms of resistance offered by the membrane to the 
diffusing species ). In the case of water permeation 
through Bilayer-Lipid-Membrane (7) the values of 
Act are found to be lying between 3,4-11.4 kcal. mole"^. 
The values of ACt for all the investigated membranes 
and for various electrolytes seem? to be reasonable. 
In the case of entropy of activation the values 
are found to be between + 0,i to -3,0 cal. degree"^ mole""^  
assuming the value of X = 3 A° (8)] for K"**, Ne"*" and 
Li*^ . As the values of X for Ba"*"^ , Ca"^ ,^ Sr'*^ , Mg"*"^  
+3 and A1 are not available in literature, the value 
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TABLE - 1 
EXPERIMENTAL ACTIVATION ENERGIES AND THE EYEING 
ACTIVATION PARAMETERS DERIVED FROM TRANSITION STATE 
THEORY OF RATE PROCESSES FOR DIFFUSION OF VARIOUS 
ELECTROLYTES THROUGH SILVER CHLORIDE MEMBRANE. 
Electro- Temp., Ea tni AS+ 
lytes kcal/mole kcal/mole cal/deg.mole kcal/mole 
KCl 283 6.442 5.880 + 0.7958 5.655 
288 5.870 + 0.8974 5.611 
293 5.860 0.7619 5.637 
298 5.850 + 0.6971 5.642 
303 5.840 + 0.6504 5.643 
NaCl 283 6.217 5.655 - 0.8863 5.906 
288 5.645 - 0.8948 5.903 
293 5.635 - 0.7995 5.869 
298 5.625 - 0.9192 5.899 
303 5.615 - 0.8598 5.876 
LiCl 283 5.987 5.425 - 1.789 5.931 
288 5.415 - 1.937 5.973 
293 5.405 - 1.952 5.977 
298 5.395 - 2.020 5.997 
303 5.385 - 2.018 5.996 
- 1 2 1 -
TABLE - 31 
EXPERIMENTAL ACTIVATION ENERGIES AND THE EYRING 
ACTIVATION PARAMETERS DERIVED FROM TRANSITION STATE 
THEORY OF RATE PROCESSES FOR DIFFUSION OF VARIOUS 
ELECTROLYTES THROUGH SILVER TUNGSTATE MEMBRANE. 
Electro- Temp,, Ea AHt 
lytes kcal/mole kcal/mole cal/deg.mole kcal/mole 
KCl 283 6.218 5.656 + 0.094 5.629 
288 5.646 + 0.067 5.626 
293 5.636 - 0.034 5.646 
298 5.626 - 0.128 5.664 
303 5.616 - 0,183 5.672 
NaCl 283 5.988 5.426 - 1.722 5.913 
288 5.416 - 1.738 5.916 
293 5.406 - 1.738 5.915 
298 5.396 - 1.793 5.930 
303 5.386 - 1.857 5.949 
LiCl 283 5.758 5.196 - 2.898 6.016 
288 5.186 - 2.902 6.022 
293 5.176 - 3.002 6.055 
298 5.166 - 2.988 6.056 
303 5.156 - 3.008 6.067 
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TABLE - 121 
EXPERIMENTAL ACTIVATION ENERGIES AND THE EYRING 
ACTIVATION PARAMETERS DERIVED FROM TRANSITION STATE 
THEORY OF RATE PROCESSES FOR DIFFUSION OF VARIOUS 
ELECTROLYTES THROUGH SILVER PHOSPHATE MEMBRANE. 
Electro- Temp,, Ea ZiHt ASt 
lytes 
o 
kcal/mole kcal/mole cal/deg.mole kcal/mole 
KCl 283 6.448 5.886 + 0.7620 5.670 
288 5.876 + 0.6275 5.695 
293 5.866 +0.4485 5.734 
298 5.856 + 0.1848 5.801 
303 5.846 - 0.0146 5*850 
NaCl 283 •6.220 5.658 - 0.8892 5.909 
288 5.648 - 0.9833 5.931 
293 5.638 - '0.9558 5.911 
298 5.628 - 1.299 6.015 
303 5.618 - 1.483 6.067 
LiCl 283 6.103 5.541 - 1.802 6.051 
288 5.531 - 1,823 '6.056 
293 5.521 - 1.810 6.051 
298 5.511 - 2.060 6.125 
303 5.501 - 2.228 6.176 
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of entropy factor for diffusion i»e. X,(exp /(iSt/R) ^  a® 
is calculated and presented in tables 4-9, These values 
# 
are also found to lie between 0.4 A® to 1,5 A®. These 
results clearly indicate that AS'^  can not differ 
appreciably from zero which is found to hold good for 
entropy factor for diffusion given by Laidler (9). 
According to the theory of absolute reaction rate and 
according to Tien and Ting (7) negative AS^ implies one 
of the two events : 
(a) The bonding of the activated complex with the 
membrane i.e. the permeating species are being 
partially immobilized in the membrane structure or 
in the interfacial region. 
(b) The permeation through the membrane was not the 
rate controlling step in the processes. 
The transition state concept operates only with 
energetic or thermodynamic quantities and as such it 
is difficult to subject it to experimental test without 
access to such quantities. The derived quantities from 
the Eyring absolute reaction rate theory given in 
tables need further examination and work have to be done 
in this direction. 
The interpretation of the results of the permeability 
and diffusion can be based in terms of ionic sizes, 
solvation, mobilities, adsorption properties along with 
other thermodynamic properties. The theory put 
forward by Gregor (10,11) in relation to ionic selectivity 
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TABLE - 150 
VALUES OF ACTIVATION ENERGIES, ENTHALPY OF ACTIVATION, 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 







5 X 10*^  
2 cm /sec 
KCl 283 6.442 5.880 2.271 3.664 
288 5.870 2.984 3.760 
293 5.860 3.424 3.634 
298 5.850 4.050 3.575 
303 5.840 4.811 3.533 
NaCl 283 6.217 5.655 1.454 2.400 
288 5.645 1.787 2.396 
293 5.635 2.291 2.453 
298 5.625 2.624 2.300 
303 5.615 3.270 2.416 
LiCl 283 5.987 5.425 1.388 1.912 
288 5.415 1.577 1.842 
293 5.405 1.905 1.835 
298 5.395 2.221 1.804 
303 5.385 2.674 1.805 
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TABLE - 151 
VALUES OF ACTIVATION ENERGIES, ENTHALPY OF ACTIVATION, 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 












BaCl^ 283 4.722 4.160 0.760 0.459 
288 4,150 0.892 0.458 
293 4.140 1.025 0.454 
298 4.130 1.157 0.447 
303 4.120 1.284 0.437 
CaCl^ 283 5.300 4.738 1.436 1.055 
288 4.728 1.669 1.038 
293 4.718 1.917 1.020 
298 4.708 2.268 1.018 
303 4.698 2.583 1.002 
SrCl2 283 4.836 4.274 1.013 0.586 
288 4.264 1.123 0.568 
293 4.254 1.266 0.556 
298 4.244 1.454 0.552 
303 4.234 1.706 0.554 
MgCl2 283 4.952 4.390 1.119 0.704 
288 • 4.380 1.360 0.692 
293 4.370 1.564 0.683 
298 4.360 1.784 0.674 
303 4.350 2.020 0.664 
AICI3 283 6.218 5.656 0.283 1.060 
288 5.646 0.344 1.053 
293 5.636 0.405 1.035 
298 5.626 0.477 1.016 
303 5.616 0.555 0.997 
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TABLE - 152 
VALUES OF ACTIVATION ENERGIES, ENTI-iALPY OF ACTIVATION; 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 
SILVER TUNGSTATE MEMBRANE. 
Electro- Temp,, ^A S" X lo"^  >v(exp t^sh)^ 
lytes kcal/mole kcal/mole cm /sec A° 
KCl 283 6.218 5.656 2.378 3.072 
288 5,646 2.892 3.051 
293 5.636 3.359 2.974 
298 5.626 3.900 2.905 
303 5.616 4.583 2.865 
NaCl 283 5.988 5.426 1.433 1.945 
288 5.416 1.743 1.936 
293 5.406 2.118 1.936 
298 5.396 2.491 1.911 
303 5.386 2.892 1.879 
LiCl 283 5.756 5.196 1*191 1.446 
288 5.186 1.450 1.445 
293 5.176 1.743 1.40'9 
298 5.166 2.025 1.414 
303 5.156 2.378 1.407 
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TABLE - 153 
VALUES OF ACTIVATION ENERGIES, ENTHALPY OT^  ACTIVATION, 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 
SILVER TUNGSTATE MEMBRANE. 
Electro- Temp., ^A AHI" D X 10^ X( exp AS^'R)^ 
lytes ®K kcal/mole kcal/mole cm /sec A° 
BaCl2 283 4.836 4.274 0,778 0.514 
288 4.264 0.883 0.504 
293 4.254 1.026 0.501 
298 4.244 1.164 0.494 
303 4.234 1.322 0.456 
CaCl^ 283 5.537 5.005 1.247 1.248 
288 4.995 1.433 1.213 
293 4.985 1.743 1.223 
298 4.975 1.977 1.137 
303 4.965 2.378 1.125 
SrClg 283 5,067 4.505 0.844 0.658 
288 4.495 0.958 0.642 
293 4.485 1.061 0.622 
298 4.475 1.291 0.605 
303 4.465 1.467 0.582 
MgCl2 283 5.182 4.620 1.074 0.822 
288 4.610 1.329 0.836 
293 4.600 1.433 0.798 
298 4.590 1.645 0.752 
303 4.580 1.857 0.719 
A I C I 3 283 6.448 5.886 0.252 1.226 
288 5.876 0.317 1.234 
293 5.866 0.390 1.232 
298 5.856 0.458 1.142 
303 5.846 0.539 i.080 
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TABLE - 154 
VALUES OF ACTIVATION ENERGIES, ENTHALPY OF ACTIVATION, 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 
SILVER PHOSPHATE MEMBRANE, 
Electro- Temp., ^A AHt- D X lo"^  Mexp AS^R)^ 
lytes kcal/mole kcal/mole 2 cm /sec A° 
KCl 283 6.448 5,886 2.214 3.634 
288 5.87i6 2.567 3.513 
293 5.866 2.900 3.361 
298 5.856 3.470 3.143 
303 5.846 4.076 2.989 
NaCl 283 6.220 5.658 1.446 2.398 
288 5.648 1.699 2.342 • 
293 5.638 2.095 2.352 
298 5.628 2.400 2.163 
303 5.618 2.819 2.065 
LiCl 283 6.103 5.541 1.121 1.906 
288 5.531 1.365 1.896 
293 5.521 1.679 1.902 
298 5.511 1.995 1.786 
303 5.501 2.345 1.712 
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TABLE - 155 
VALUES OF ACTIVATION ENERGIES, ENTHALPY OF ACTIVATION, 
INTEGRAL DIFFUSION COEFFICIENT AND ENTROPY FACTOR 
FOR DIFFUSION OF VARIOUS ELECTROLYTES THROUGH 
SILVER PHOSPHATE MEMBRANE. 
Electro- Temp., AHt D X lo"^  
lytes kcal/mole kcal/mole cm^/sec A® 
BaCl2 283 5.068 4.506 0.749 0.620 
288 4.496 0.872 0.613 
293 4.486 0.982 0.598 
298 4.476 1.129 0.566 
303 4.466 1.258 0.539 
CaCl2 283 5.760 5.198 1.428 1.585 
288 5.188 1.669 1.554 
293 5.178 1.973 1.538 
298 5.168 2.239 1.421 
303 5.158 2.513 1.342 
SrClg 283 5.180 4.618 0.913 • 0.756 
288 4.608 1.112 0.766 
293 4.598 1.231 0.738 
298 4.588 1.446 0.704 
303 4.578 1.661 0.678 
MgCIg 283 5.297 4.735 1.112 0.931 
288 4.725 1.275 0.906 
293 4.715 1.495 0.803 
298 4.705 1.742 0.852 
303 4.695 1.938 0.808 
AICI3 283 6.679 6.117 0.266 1.546 
288 6.107 0.325 1.529 
293 6.097 0.394 .1.510 
298 6.087 0.474 1.409 
303 6.077 0.556 1.333 
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depends heavily on the use of hydrated ionic volumes* 
As oyr discussion is largly dependent on ionic hydration 
it seems necessary to mention briefly some concept of 
ionic hydration as applied to membrane phenomena• Levine 
and Bell (12) have considered the region of water 
surrounding an ion as coordination of hydration shell 
and called i|hera ion complex. Its formation and breaking 
would be accompanied by substantial free energy and entropy 
changes. Stern and Amis (13) considered that ion i.,/ 
posseses solvation sheaths of water molecules "bound" 
permanently to give distinct molecular species, A 
knowledge of the definitive solvation number is of 
considerable importance» since this provides a solid 
base on which theories of permeability can be based 
and tested. The solvation and hydration numbers of alkali 
and alkaline earth metal cations have been used to 
elucidate the mechanism of permeation through the 
membrane. Stokes and Robinson (14) have given the 
number of bounded 'n* molecules ^  water in their 
hydration shell by the interaction of the Ions and 
surrounding water molecules» This number ^n* is not 
the same as the conventional number of water molecules 
in the first layer around the ion, it is rather a number 
introduced to allow for the average effect of all 
ion-solvent interaction. The follov/ing table (32) gives 
-157-. 
the number •n* aiid a®, where a® is the mean distance 
of approach in Angstrom units. 
TABLE 10. 
Electrolyte a® (A®) 
tiCl 7.1 4.32 
NaCl 3.5 3.97 
KCl 1.9 3.63 
MgClg 13.7 5.02 
CaCl2 12.0 4.73 
BaCl2 7.7 4.45 
Depending on the size and electrical charge^ 
pattern of a pore, it may either admit or repel a 
solute particle. This is the basis of ion selectivity 
and applies equally to material in a thin sheet ( a . 
membrane ) or in bulk ( an ion exchanger ). It has 
been proposed by Mullins (15) in 1956 and 1959, that 
the hydration of the materials of the pores themselves 
may provide a favourable water environment for particular 
ions or molecules, so that they slip into thei por% 
away from their previous water molecules. 
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According to Mullin's argument, this could result in 
selection of a particular size with discricnination against both 
smaller and larger hydrated ions. However, it is more 
general to regard the state of hydration as being in a 
dynamic condition so that a fraction f of the number 
of a given kind of particles in the solution has a 
reduced hydration corresponding to excess energy 
AE per mole according to the Boltzmann distribution 
f a exp ( - A E/RT ). Thus it can be said that those 
ions which have lost sufficient water of hydration to 
be smaller than the pore can enter the material. 
To obtain a quantitative relation between the 
ease of penetration and the ion size it will be 
necessary to know the electrostatic force which acts 
between the ions and the material of the membrane since 
this force provides energy equal to A E to displace 
water of hydration. Eisenman et al. (1957) have 
pointed out (16,17) that the rank order of ease of 
penetration of univalent cations will depend on the 
energy available from the ion-fixed charge interaction. 
The values of activation energies as determined 
for various electrolytes for different membranes are 
found to lie between • 4 to 7 kcal. mole""^  and there 
is not much marked difference between the values ^'f 
Li• ( which is highly hydrated ) and that of Na { which 
is the least), whereas the Eisenman theory demands marked 
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difference in activation energy values depending upon 
the hydrated sheaths. It is quite probable that the 
pores of the membrane may have such size that they allow 
some of the hydrated sheaths along with the ions to 
pass through it. 
In the theory of Eisenman, hydration, however, 
is connected in terms of its energetics, rather than 
in terms of hydrated ionic radius or volume. Electrostatic 
interactions are regarded as the primary cause of 
diffusion. Eisenman's theory, according to Reichenberg (18) 
takes inu^o account : 
(i) The electrostatic interactions between the fixed 
groupings and the ion, 
(ii) The free energies required to remove from { or 
rearrange around ) the fixed grouping and the 
counterion as many water molecules as are necessary 
to permit ihe contact ( or close approach) of 
the fixed grouping and the counterion. Such 
free energies would be closely related ( if not 
actually proportional ) to the standard free 
energies of hydration of the fixed group and 
the counterion. 
Qru et al. (19) ascribes anion-exchange sels^ctivity 
primarily due to differences in hydration energies of 
counterions in the external solution. According to 
these authors the hydration shells are largly broken 
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down in the exchanger phase. Since this requires energy, 
it is the ions with the lowest hydration energy which 
are prefjl^tially taken up by the exchangers. Eisenmen 
(20,22) observed that the selectivity sequence of the 
glass electrodes varied in a systematic manner with 
glass composition in sudia way as to indicate that 
cation selectivity was controlled by the field strengths 
of the negative fixed charge sites in the glass. For 
negative sites with very high field strengths,- the 
ion-site interaction was much stronger than the ion-water 
interaction, so that the relative affinites of the ions 
were in the order of their non-hydrated radciij while 
the affinities were in the opposite sequence ( the 
order of the hydrated radlii ) for sites with very weak 
field strengths, since the ion-site interaction was 
then much weaker than the ion-water interaction. From 
a simplified model, in which field strength was taken 
as the controlling variable, the coulomb energies of 
interactions \ of alkali catbns with the sites were 
compared with the free energy of hydration of cations. 
According to Wright and Diamond (23), Eisenman 
correctly predicted the various cation sequences inter-
mediate between those of hydrated and non-hydrated 
/ 
radii, actually observed in artificial membranes including 
glass electrodes. 
A simplified theory of specificity for the four 
alkaline earths ( Mg^ "*", Ca"^"*", Sr"*"^  and Ba'^'*' ^  in a 
cation exchange membrane with univalent negatively 
charge sites has been worked out by Sherry (24) along 
the lines of Eisenraen's treatment for the alkali 
cations. Specificity is considered to depend upon the 
values of two parameters i the field strength of the 
anionic site and the distance between adjacent sites. 
Specificity is determined, as in Eis^ttnan's model by 
the difference between free energy of hydration of 
alkaline earth Catfcns and their coulomb energies of 
interaction with the negatively chargeJsites, very 
weak sites yielding specificities in the order of the 
hydrated radii of the cations at any site spacing, and 
verysfepoitg sites yielding the sequence of the 
non-hydrated radii until large site spacings are reached. 
Sherry's model predicts that out of 24 sequences 
obtainable by permutations of the four alkaline earths 
only seven should actually by observed as selectivity 
sequences. 
A great deal of information exists in the 
literature on the selectivity of ion exchangers (25). 
For wide-pore membranes, in general^ the counterion 
with small solvated volume is preferred^ the more 
hydrated ions being less strongly bound by liie 
exchanger (26). Boyd et al. (27) found that the selectivity 
order observed for an ion exchanger ( Amberlite IR-l, 
phenol-formaldehyde ) is mainly governed by the hydrated 
radius of the ions in solution. The expected selectivity 
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order for monovalent cations can be written as 
A similar order of 
selectivity was reported by Reichenberg and McCauley (26) 
and a relationship between the degree of cross-linking 
and the magnitude of the selectivity was indicated. The 
higher magnitudes of selectivity corresponds to 
increasing cross-linking of the ion exchanger (sulphonated 
polystyrene), Bonner (28,29) in his equilibrium 
studies of monovalent ions on Dowex 50 has indicated 
that the selectivity of the ion exchanger is related 
to its water content, which varies with the degree of 
cross-linking. 
According to Altug S, Hair (25) if the pores in 
the membrane are large enough, a hydrous medium is 
provided, such that the cations can be just as hydrated 
within the pores as in free solution. In this case 
the ability of membrane (or exchanger) to distinguish 
among ions will be governed by free-solution mobilities 
( e.g. minimum selectivity for K''' over Na*^  ) followir^ 
the selectivity sequence given above. In a highly 
hydrated medium, the magnitude of selectivity for one 
ion over the other may be so small that the exchanger 
appears to have no specific selectivity. Walton {30) 
reports data on two sulphonated polystyrene exchangers 
which had different degrees of swelling. The one which 
swelled to the greater extent did not seem to distinguish 
between ions, within experimental errors, whereas the 
one which swelled to a lesser degree was Na^ selective 




w cn CO 
|_i. (_>. I-U I-J H M •ij <{ <1 ©(DO) 4 4 4 
pCftJ CD 4 f w H- H- Oj O 3 H- M O M cl- Mj 
H(KCal/mole) OI U) 
p 
oi 
—T" — p . 
cn iD —I 
i-j 





H^  H. M M <! < 0) Ct> 4 4 
T) H cr c O 3 W ot} W r^- ct 
33 fU Ct CI-0) 0> 
S S CD CD 3 3 o- cf 4 4 P 03 
CD CD 
P X 10^ (-nmoles/hr. ) 
H- "Xl H MX O < h-J <rt (D O W 4 M' w O O^ -b ffO M 4 O 4 <J H- p a 4 CD H- p3 O TO Sji 03 CD W H-
3 O-O 4 » 513 rt-
















00 N3 N» —r~ 
(VJ cr> 
-163-
+ over Li . In view of this, one could expect to find 
a higher selectivity for Na'*' over Li'*' vi?ith an even less 
swollen exchange medium. The hydrated pore volume of 
membranes is also related to the monovalent-divalent 
selectivity. It appears that the ^ AA^ -tKic ., 
<rvc i: vvsJi^vv-ls /V O^e. t,>w\ CJSX rtkl r-'V, 
P , ^ \ < ir^ j-vvnuvx^ VOJUl/v^  . 
S'mcRvSt^ the above 
discussion it can be concluded that the hydrated pore 
volume is a parameter which has to be considered in 
viewing the selective behaviour of membranes. If the 
membrane matrix is porous and highly hydrated, it is 
subject to anion invasion and therefore exhibits poor 
permselectivity. Such membranes respond to most ions 
of the same charge, showing little or no specific ion 
selectivity. With a decrease in pore volume the 
membrane Starts distinguishing among ions more^and its 
permselectivity is improved. It may become highly specific 
toward an ion when the membrane matrix is considered 
no longer porous. 
It is also quite interesting to note that the 
plots of a° d a® being the mean distance of approach 
of ions defined by Harned and Owen (310) ^ and 
Z/a° which is similar to that of ionic potential Z/r, 
Z being the valency, r the radius ( crystallographic ) 
against Dj;^  or P. are of similar type for all the 
investigated membranes ( Fig. 17 ), 
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Schwarzenbach, Willi and Bach <32) have 
discussed the affinity of group II A cations in terms 
of hydration of cations. We, too, while explaining our 
results on the diffusion rate Dj^  or permeability P 
through parchment supported membranes under investigation 
have emphasised the role of hydration of cations. 
Hutching and Williams (39) supposed that Mg"^ ion had 
little affinity for membranes because of its strong 
hydration. In the case of investigated membranes, the 
diffusion rate Dj^  or permeability P have been plotted 
against n^ ^ the hydration number; {vide Fig.18). The 
values of «n»» are'.MgCl^  - 13.7, CaCl^ ^ 12.0, BaCI^ ^7.7. 
Hutching and Williams have compared the behaviour of• 
Mg** by taking roseocobaltic ion< CoCNHg)^ H^cf^, v/hich 
has the same hydrated radius as that of hydrated Mg 
ion { Hydrated Mg''"*'ion may be written as M g ^ H g O ) . 
The membrane potential of [CoCNH^)^ HgO Cl^ was 
studied in the same way as that of MgCl^. The plot of 
log " Cj^ /Cgj^ j^and the slope of plot were found by them 
to be very close to that of MgCl2 despite the fact that 
a trivalent ion would be expected to have a lower 
mobility than the bivalent ion. Hence it was concluded 
that the reluctance to enter the membrane may be due 
to the large size of these ions. 
I 3 r 





- r H 
cn r. 
H CO > w > 
o >—' 10 - o 
w 





O 9 - H 
P O 
B B e 
W w o o 












Fig. 18. Hydration numbers plotted against permeability 
(Pxlo2) for various cations. 
Curve 1, 4 o= Silver Chloride Membrane 
Curve 2, 5 o= Silver Tung state Membrane 
Curve 3, 6 o= Silver Phosphate Membrane. 
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The order of membrane potentials ( 0,l/0,001 M ) 
of the different electrolytes is as follows : 
(i) E^ (numerically) 
while the order of the diffusion rate, Dj^  i^ 
(ii) a^nd that O-P 
(iii) the membrane resistance,H^ j^ , is 
In order to have some idea about the ease of 
penetration of Li , Na , K as well as Ca , Mg , 
Ba and Al through the pores of the investigated 
membranes, an attempt is being made in this thesis to 
correlate hydration number nj^  with permeability P (Fig.18). 
i h ^Ct 
c^i^'MLvJri^, 
• l\. J „ ' 
Noyes (34) while dealing with the thermodynamics 
of ion hydration as a measure of effectiy;e dielectric • 
properties of water has given the following values of 
(effective (Effective dielectric constsnt ) : Li"*" 
(1.790); Na"^  (2.287)j (2.821),; Mg'^ "^  (1.800); 
Ca'^'*' (2.303); Ba"^ *^  (2.765); Al"^ "^  (1.583); Noyes has 
regarded the thermodynamic changes during hydration 
as a measure of effective^dielectric properties 
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a function only of the size ( crystallographic radii) 
of such cations and is virtually independent of 
charge on it« Since during the diffusion process, 
adsorbability and polarizability play an important 
part,which will certainly influence and thereby diminish 
the effective hydration, { the higher adsorbability of 
Li^, Na^, and K^ etc are linked up closely with their S-
stepwise stronger polarizabilities and hence effective 
hydration is diminished to a larger extent : Sollner(35) ) 
it would be quite logical to relate the effective 
dielectric constant effective against permeability P. 
If hydrated ions are considered, then it is 
possible to use the hydrated ionic volumes as calculated 
from conductance data (36) and relate them with permeability 
P ( At infinite dilution K"*" == 0.029^ Na"^  « 0.043*, 
Li « 0.076 ). These plots are shown in Fig. 20. The 
order of the values of the diffusion coefficient D^ were 
calculated graphically ( Figs. 21-24) from the 
equation given by Ciric and Graydon {37). 
* Hydrated ionic volumes in units. 
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The values of the diffusion coefficient D are c 
given in Table 11. 
TAgLg -11 
VALUES OF DIFFUSION COEFFICIENT { D^} FOR VARIOUS 
ELECTROLYTES THROUGH PARCHMENT SUPPORTED MEMBRANES 
AT 25« C, 
Membrane 
Silver Silver Silver 
Chloride Tungstate Phosphate 
Electrolytes -7 2 i 
D^ X 10^ , cm see 
KCl 1,740 2.225 1.995 
NaCl 0.780 1.493 0.635 
LiCl 0.648 1.440 0.440 
BaCl2 0.625 1.480 1.025 
CaClg 1.093 2.095 1.816 
SrCl2 0.796 1.613 1.160 
MgCl2 0.858 2.006 1.665 
AlClg 0.518 0.958 0.908 
It would be quite worthwhile to cm-^twl! the 
heat of hydration ("AH^) of monovalent cations from 
literature with the values of enthalpy of activation 
( ifiiH^  ) calculated from diffusion data. This may 
help in solving the intricacies of permeability phenomena 
in the membranes under investigations. The plots (Fig .25) ' 
were found to be linear ones. 
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MEMBRANE POTENTIAL t 
Effect of dilution 
The results of the membrane potential measurements 
may be discussed in view of the theories put forward 
by Michaelis (38), Meyer and Sievers (39) and also by 
Teorell (40). Michaelis held the view that the selective 
permeability and potential of collodion membranes are 
due to preferential adsorption modifying differential 
diffusion rates. Wills (41) extended this theory to 
cupric ferrocyanide, while Malik and Siddiqi (42,43) 
applied it to a large number of metal ferro and 
ferricyanide membranes, confirming the earlier views 
of Sollner (44) that the behaviour of collodion mendsranes 
is mainly due to surface charge fixed on the membrane 
matrix. M^er and Siever*s quantitative theory (39) 
of membrane behaviour postulates a number of fixed 
charges on the membrane pores duo to <! either adsorption 
or ionization. They held the view that an equilibrium 
is set up between the mobile ions in the membrane phase 
and those in the bulk of the solution. 
Ionic selectivity of the membranes and the effect 
of concentration was beautifully demonstrated in the 
case of cupric ferrocyanide membrane; by Wills (41) and 
by Malik, Siddiqi and coworkers in th^ cace of several 
metal ferro and ferricyanide membranes ( 42,43). 
f 
The results of the membrane potential studies 
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on all the four membranes show that the order is 
F e C y ^ > Sof > C H 3 C 0 0 - > N03>C1' 
for potassium salts, while that for cations 
(a) 
The different concentration ranges ( 0.2/0,002 to 
0.002/0.0002 M ) were taken ( for K**", Ha"^ , Li"*" and 
salts only ) and it was found that in all these 
cases, the order remains practically the same. 
With regard to the stericgeometry theory (44) 
of the membrane potential it is of interest to note 
that the sequence in the Hofmeister series of alkali 
cations namely Li , Na , K etc. is the same as the 
order of their hydrated ionic sizes. Although ions 
like K and NH^ , ate shown by their nearly identical 
ionic mobilities to have practically the same size in 
the hydrated state, their adsorbabilities are different. 
The ionic diameter of K'^  ion is smaller than the ionic 
diameter of Na", while the adsorbabilities are of 
different order. The order of the diffusion rate is 
t 
vilVk. metal ferrocyanide membranes ( negatively 
charged ) the membrane potential for Li"*" is higher (with 
membranes under investigation ) and the permeability P, 
diffusion rate Dj^ , diffusion coefficient D^ have lower 
-170-. 
values in comparison with • those of Na and K . This 
may foe due to various reasons, amorigst'them are (i) more-
pores are closed to the larger Li ions than to the 
somewhat smaller Na^ ions (hydrated); (ii) the relatively 
less frequent occurrence of Li"*" ions in those pores 
which are accessible to it owing to less adsorbability; o^^cL 
(iii) lower diffusion velocity of Li^ ions. 
In the lytropic sec^ uence of the alkali ions 
ti , Na , K , the factors of increasing adsorbability 
and decreasing steric hindrance act in the same 
direction. 
A large and at the same time more adsorbable 
species in the membrane potential system "embodies two 
antagonistic properties. On the one hand its preferential 
adsorbability tends to increase the membrane potential 
( which increases the transference number ) on the 
other hand its lower diffusion velocity and, because 
of the heteroporosity of the membrane steric hindrance 
also tend to reduce it. According to Sollner (44) 
two factors should also be taken into account 
involving systems (i) in which steric hindrance and the 
lower diffusion velocity of the larger ions outweights 
the influence of its greater adsorbability, and (ii) where 
the greater adsorbability of the larger ions is the 
most influential factor. 
The assumption, that the electrolytic mobilities 
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or diffusion velocities of various ions ( this means 
their equivalent hydrodynamic sizes ) are in all 
instances sn adequate measure of their relative ability 
to permeate the pores of the membranes under investigation, 
has to be critically examined. As Sollner has rightly 
contended, there are at least two major factors which 
could invalidate this assumption. One of these 
possibilities is a significant derivation from spherical 
shape of the true shape of a critical ion. In this case 
the equivalent hydrodynamic size of the ions ( this is 
of a hypothetical spherical ion which in free 
Solution diffuses at the same rate ) is not an adequate 
measure of its ability to penetrate narrow pgres. An 
oblong: elliposide of rotation, for instance, may pass 
through an opening which is impermeable to a hydro-
dynamically equivalent sphere. Such deviation from 
a spherical shape of certain ions might be important 
particularly with large ions. 
The other possibility is the deformation of certain 
ions in the adsorbed state due to polarization and concomitant 
effects such as partial dehydration. In the case of 
strongly adsorbable ions, such ions are likely to be 
deformed on adsorption by polarization and their effective 
hydration might be diminished to a significant extent. 
In order to have a knowledge of these factors which are 
operative during diffusion processf^ f^ the permeability P 
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have been plotted against the thermodynamic as well as 
other quantities. |t is^therefore^ probable that the 
usually large transference numbers i,e, t^, in the 
membranes are not exclusively due to higher adsorbabilities 
but also to their smaller effective size in the adsorbed 
state. The higher adsorbabillties of Li"**, Na"^ , etc. 
are linked up closely with their stepwise stronger 
polarizabilities and hence effective hydration is diminished 
to a certain extent. 
Another interesting feature of these studies is 
that the membrane potential increases with time^ 
rapidly attains a maximum value, and then falls off 
slowly for all the electrolyt^used { vide Tables 1-33, 
Chapter III ). Hutching and Williams (33) while studying 
the rate of equilibration of ions with membrane found 
similar behaviour with the ion-exchange membrane 
electrodes. In the case of parchment supported membranes 
(investigated), although this behaviour was found to 
hold good for all the cases, the time required for the 
attainment of maximum potential was different vjith various 
electrolytes. Moreover, it was highly dependent 
upon the concentration of electrolyte used; the 
concentrated solutions gave maximum potential value in 
a shorter time and vice-versa. These results indicate 
that the ions are preferentially being adsorbed at the 
surface of the membrane, making it progresf/ively more 
electronegative in character« Onoe this saturation stage 
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is reached, the membranes assume charge stability and 
similar potential valwe could be realized for the 
entire diffusion process. The membrane, having once 
acquirecsla charge stability in this manner, can be 
employed with different lots of solution of a particular 
electrolyte without waiting for the potential to reach 
the maximum value. 
Willis (41) and also Tolliday, Woods, and 
Hartung (45) after extensively studying the behaviour 
of cupric ferrocyanide membranes have shown that the 
membrane potential is due to preferential ionic 
adsorption on membrane surface. The extensive 
investigation of metal ferro and ferricyanide gels 
and membranes carried out by Malik and Siddiqi (42,43) 
have shown that the adsorption plays a dominant role 
in the permeability of electrolytes. As already stated 
the order of adsorption is FeCy^ ^ ^SO^ ^ C l " which 
is quite similar to the membrane potential order. 
Similarly the permeability order was found to be the 
reverse of the potential order. A relationship of the 
form E == ap^ '^ '^ , where E and P represent potential and 
permeability respectively . .^j" a and n are constants, 
havebeen putforv/ard by Malik,' Siddiqi and others in 
the case of metal ferro and ferricyanide membranes 
(42,43). 
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For the evaluation of membrane fixed ion 
concentration , v#X ( also known as the charge density 
of the membrane ) by potentiometric method, Teorell (40) 
and Meyer (46) have given a mettiod which has been 
developed and reviewed by Lakshminarayanaieh (4?), 
According to the Teorell raodel the behaviour of a charged 
membranes in an electrolyte solution can be characterized 
in terms of ionic mobilities, concentrations, and the 
fixed charge in the membrane. 
Recently Altug and Hair (48) have given an 
ingenious method based on the lines of TMS theory for 
the evaluation of fixed ion concentration (wX ) of a 
membrane. This method has been adopted here to evaluate 
the fixed ion concentration of the membranes investigated. 
The essential feature of the original fixed 
charged theory of Teorell (40) was the assumption that 
the over all membrane potential was composed of three 
potential jumps : two Donnan potentials at each solution-
membrane Interface ( denoted by Aj^  and ) ^ ^^ ^ 
one residing inside the membrane, the internal potential 
or driving potential denoted by overall 
total membrane potential, E, is thus given by : 
E ^ ( Aj^  ^  Ag ) ^ " ^^^ 
Because of the membrane charge, an unequal distribution 
of ions at the interface is obtained and this gives rise 
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to Donnan potentials Aj^  and A2* expressed as : 
RT 
Ajl ® ^ In T^ (2 a ) 
RT 
and A2 ~ "''" in r^ .... ... \ 2 b) 
Where rj^  and Donnan distribution ratios 




wX ^ wX I ^ ^ ^ _ (3) 
2a 2a 
Where a is the external solution concentration 
rnd c is the concentration in the membrane phase. 
The diffusion potential { 02 - 0j) f^ as been 
derived by Teorell, but its determination introduces a 
series of cumbersome calculations. However, the 
algebraic evaluation of {02 "* simplified for a 
special case. When the membrane separates solutions 
of a single uni-valent electrolyte in different 
concentrations, ( 02 *" ^ takes the following form 1 
u-v HT a,{r,u • v/r,) 
( 0 ^ ) ) ir , ^ . , . . ( 4 ) 
u-H^  F ^ v/r^) 
where u and v are cation and anion mobilities 
in the membrane phase. However, in th^ present 
calculations^ these are assumed to be the same as in 
jbCI/l)^  solution. Due to practical difficulty of measuring 
ionic activity in membrane phase, concentrations have 
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been used in place of activities, as suggested by 
Altug and Hair (4S). 
In order to determine the fixed ion concentration 
of parchment supported investigated raembranes^ various 
values were given to wX ( e.g. 0,4 N - 0^02-N etc. ) 
and for each value the total membrane potential was 
calculated for different concentrations of KCl with the 
help of above equations. 
the curves of total membrane potential { calculated 
theoretically) were plotted against concentration of 
the electrolytes for various values of w>J* At the 
same time a curve was plotted between the experimentally 
determined membrane potential values for KCl and the 
concentration of KCl { the concentration range being 
the same in the two cases, Fig.26 ). The fixed ion 
concentration of the membrane is the same as that of 
the theoretical curve which overlaps the experimental 
potential curve. Values of Donnan potential ( 
diffusion potential ( 02 " total membrane potential 
^calc various concentrations of KCl { for various 
values of wX ) are presented in Table 12. 
The fixed ion concentration ) of the 
investigated membranes are as foll^ iArs ; 
Membrane 
(a) Silver Chloride 
(b) Silver Tungstate 
(c) Silver Phosohatp 
Fixed ion concentration 
i m 
- 0.03 N 
- 0.02 N 
n m M 
> B 
-a; M F-i 
S 5 0 r-j 0 
Oh 
1 PI m 
o 
Fig. 26 Total Membrane Potentials across a Silver Chloride 
membrane in KCl Solutions of varying concentrations 
solid circles calculated values for various fixed ion 
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Assuraing the value wX be equal to - 0.03 M for 
Silver Chloride Membrane, the values of Donnan potentials, 
diffusion potentials and total membrane potentials-were 
calculated for NaCl, LiCl and NH^Cl at various 
concentrations. The calculated and observed values 
of potentials assuming the fixed ion concentration 
- 0«02 N for Silver Tungstate and Silver Phosphate 
Merabran^are given in Tables 13-24 and shown in Figs. 27-37. 
The electrochemical nature of the membranes and 
its influence on the mobility of anions - were 
studied by calculating the mobility from the equation : 
u v 
E^ = , J L . inJiSt 
u + V nF fgCg^ 
{ E^ is the membrane potential ) 
Where the various terms have their usual meanings 
which'^ jO/WCbeen used by Wills (41) in the case of 
cupric ferrocyanide membrane. Malik and Siddiqi (42,43) 
in the case of a very large number of metal ferro and 
ferricyanide parchment supported membranes as well as 
by Kittelberger (49) in the case of coatings and 
membranes* The apparent mobilities of anions were 
calculated by means of this equation, the concentration 
ratio C^/C2 was kept equal to 10 throughout and the 
values of mobility of cations , u, for Wa^ and Li 
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TABLE 13. 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFJSiaN 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL- ASSUMING 
wX = .03 N FOR KCl AT VARIOUS CONCENTRATIONS AND 
THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL OF 
KCl FOR SILVER CHLORIDE MEMBRANE. 
Potentials in Millivolts. 
Concentrations IA2+A1) (02 ^Ualc) ^(expt,) 
0*2 M/ 0,02 M + 15.86 - 1.037© + 14.83 + 21.30 
0.1 M/ 0.01 M + 26.66 - 0.8570 + 25.80 + 24.62 
0.05 M/0.005 M * 39.09 - 0.5978 + 34,49 + 33.52 
0.02 M/0.002 M + 52.82 - 0.2524 + 52.56 + 42.30 
0.01 M/O.Oqi M + 56.79 - 0.1330 + 56.66 + 45.26 
( Fig. 26) 
TABLE - 14 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
WX = - 0.03 N NaCl AT VARIOUS CONCENTRATIONS AND 
.THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL OF 
NaCl FOR SILVER CHLORIDE MEMBRANE, 
Potentials in Millivolts. 
Concentrations (A2+A1) (02 ^(calc) ^(expt.) 
0.2 M/ 0.02 M + 15.86 - 11.73 + 4.13 •f 23.00 
0.1 M/ 0.01 M + 26.66 - 10.44 + 16.22 + 28.58 
0.05 M/0.005 M + 39.09 - 7.210 + 31.88 + 35.00 
0.02 M/0.002 M + 52.82 - 4.191 + 47.63 + 47.60 
0.01 M/O.OOl M + 56,79 . - 1.195 + 55.60 + 50.72 
( Fig. 27 ) 
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TABLE - 15 
CALCJLATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
WX = - 0.03 N FOR LiCl AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF LiCl FOR SILVER CHLORIDE MEMBRANE. 
Potentials in Millivolts. 
Concentrations {A2+A1) (02 ^(calc) ^^pt.) 
0.2 M/ 0.02 M + 15.86 - 18.75 - 2.890 + 24.50 
0.1 M/ 0.01 M + 26.66 - 16.76 + 9.900 + 34.60 
0.05M/0.005 M + 39.09 - 15.33 + 23.76 + 39.00 
0.02M/0.002 M + 52.82 - 5.680 + 46.14 + 48.52 
O.OlM/O.OOl M + 56.79 - 2.180 + 54.61 + 51.00 
(Fig.28 ) 
TABLE - 16 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
wX = - 0.03 N FOR NH4CI AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF NH^Ca FOR SILVER CHLORIDE MEMBRANE. 
Potentials in Millivolts, 
Concentrations. <02-0i) ^(calc) ^(exot.) 
0.2 M/ 0.02 M + 15.86 - 1.0760 + 14.80 + 19.24 
0.1 M/ 0.01 M + 26.66 - 0.8939 + 25.77 + 28.46 
0.05 M/0.005 M + 39.09 - 0.6212 + 38.47 + 37.40 
0.02 M/0.002 M + 52.82 - 0.2623 + 51.56 + 46.74 
0.01 M/O.OOl M +'56.79 - 0.0887 + 56.71 + 48.76 
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TABLE - 17. 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFHJSION 
POTENTIAL AND TOTAL UEmBFMlE POTENTIAL ASSUMING 
wX s - 0.02 N FOR KCl AT VARIOUS CONCENTRATIONS 
AND THE EXPERINIENTAL VALUES OF MEMBRANE POTENTIAL 
OF KCl FOR SILVER TUNGSTATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations (A 2+^ 1) '(calc) ^(expt.) 
0.2- M/ 0.02 M + 11.07 - 1.095 0 9«969 19.72 
0.1- M/ 0.01 M + 20.06 - 0.9768 19.08 + 22.50 
0.05 M/0.005 M + 31.90 - 0.7600 31.14 + 28.65 
0.02 Myo.002 M •I- 47.22 - 0.3952 •f 46.62 37.70' 
0.01 M/0.001 M + 54.34 - 0.1728 54.16 41.65 
L— 
{ Fig.35) 
TABLE - 18 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
wX = - 0.02 N FOR NaC;L AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF NdCl FOR SILVER TUNGSTATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations IA2+A1) (02-0,) ^(ealc) ^(expt.) 
0.2 M/ 0.02 M + 11.07 - 12.15 - 1.08 + 24.45 
0.1 M/ 0.01 M + 20.06 - 11.19 + 8.87 + 29.46 
0.05 M/0.005 M + 31.90 - 8.973 22.93 + 32.50 
0.02 M/0.002 M + 47.22 - 4.885 + 42.33 + 41.56 
O.Ol M/0.001 M + 54.34 - 2.209 52.13 + 46.60 
( Fig .31) 




o o m fNI 
CO 
<o 




w o o W f-i o c CC -H 
W (B 
r-i C CO ffi •H ^  
d & m a> •PS o p. 0) -p <» CC 
§ "w PH tiC 
B d 0F-I 
ffi > iH •H 
OT 0) 
i-f cC > 
w 
— Q) W 3 C O CO •H t>









O f-i •H O 











o (p o nT o O 
CO cn C o cou -H w cO P> g 
CO OJ 
CO > • 
CO 10 CD CD J.J o s:i > CO CO -H C H H Ci> VO n CO CD O CO O d H O O CO o o 
rH d CO CO •H 
d B CD CD 
1 0 1 
d I' p S -H 9 o >5 I P, CD +3 CO ^ CD CO > to d^ CD CO CO p,tH fH CD ^ CO O OH fn O to -H fH a O .H O O •H H CD P> CD a i> P -H +3 iH iH P> iH O -H o o o P-l CO to xl to 
^ o 
(AW) iviJMiaiod m n a w a M jvxoi 
-185-
TABLE - 19 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUi.1ING 
wX = - 0.02 N FOR LiCl AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF LiCl FOR SILVER TUNGSTATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations (A2+A1) (02-0i) ^(calc) ^(expt.) 
0.2 M/ 0.02 M + 11.07 - 19.61 - 8.54 + 25.15 
0.1 M/ 0.01 M + 20.06 - 18.42 + 1.64 + 36.60 
0.05 M/0.005 M + 31.90 - 15,11 26.79 + 41.38 
0.02 M/0.002 M + 47.22 - 8.73 + 38.48 + 46.12 
0.01 M/O.OOl M + 54.34 - 3.980 + 50.36 + 48.62 
( Fig. 32 ) 
TABLE - 20 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
wX = - 0.02 N FOR NH4CI AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF NH^Cl FOR SILVER TUNGSTATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations (A2+A1) (02-01) ^(calc) ^(expt.) 
0.2 M/ 0.02 M + 11.07 - 1.131 + 9.94 + 21.00 
0.1 M/ 0.01 M 20.06 - 1.010 + 19.05 + 26.58 
0.05 M/O.005 M + 31.90 - 0.787: + 31.12 + 34.60 
0.02 M/0.002 M + 47.22 - 0.409' + 46.80 + 45.18 
0.01 M/O.OOl M + 54.34 - 0.178V + 54.16 + 48.94 
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TABLE - 21 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL KraABRANE POTENTIAL ASSUMING 
wX = -0.02 N FOR KCl AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF KCl FOR SILVER PHOSPHATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations + Ai) (02-0^) ^(calc) ^(expt.) 
0.2 M / 0.02 M + 11.07 - 1.0950 + 9.969 + 22.64 
0.1 M / 0.01 M 4-20.06 - 0.9768, + 19.08 + 27.25 
0.05M /0.005 M + 31.90 - 0.7600 + 3L.14 + 30.00 
0.02M /0.002 M 47.22 - 0.3952 + 46.62 + 36.60 
O.OIM /O.OOl M + 54.34 - 0.1728 + 54.16 + 44.25 
( Fig .33) 
TABLE - 22 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSU?AING 
wX « - 0.02 N FOR NaCl AT VARIOUS CQMCENTRATIONS 
AND THE EXPERIMB^jTAL VALUES OF MEMBRANE POTENTIAL 
OF NaCl FOR SILVER PHOSPHATE MEMBRANE. 
Potentials in Millivolts. 
Concentrations (/V2+A1) (02-01) ^(calc) E (expt.) 
0.2 M/ 0.02 M + 11.07 - 12.15 - 1.08 + 24.80 
0.1 M/ 0.01 M + 20.06 - 11.19 . + 8.87 + 33.41 
0.05 M/0.005 M + 31.90 - 8.973 + 22.93 + 39.20 
0.02 M/0.002 M 47.22 - 4.885 + 42.33 + 42.00 
0.01 M/O.OOl M + 54.34 - 2.209 + 52.13 + 46.00 
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CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AtxID TOTAL MEMBRANE POTENTIAL ASSUMING 
wX - - 0.02 N FOR LiCl AT VARIOUS CONCENTRATIONS 
•AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF LiCl FOR SILVER PHOSPHATE MEMBRANE. 
Potentials in Millivolts^ 
Concentrations (A2+A1) (02-0^) ^(€alc) ^-(expt.) 
0.2 M/ 0.02 M + 11.07 - 19r.6i - 8.54 + 26.10 
0.1 M/ 0.01 M 20.06 - 18.42 + 1.64 + 34.28 
0.05 M/0.005 M + 31.90 - 15.11 + 26.79 41.56 
0.02 M/0.002 M 1- 47.22 - 8.730 + 38.48 + 45.30 
0.01 M/O.OOl M + 54.34 - 3.980 + 50.36 + 47.25 
< Fig.36 ) 
TABLE- 24 
CALCULATED VALUES OF DONNAN POTENTIALS, DIFFUSION 
POTENTIAL AND TOTAL MEMBRANE POTENTIAL ASSUMING 
wX ~ - 0.02 N FOR NH^Cl AT VARIOUS CONCENTRATIONS 
AND THE EXPERIMENTAL VALUES OF MEMBRANE POTENTIAL 
OF NH4CI FOR SILVER PHOSPHATE" MEMBRANE. 
Potentials in Millivolts. 
Concentrations (A2+A1) (02-0^) ^(calc) ^(expt.) 
0.2 M/ 0.02 M + 11.07 - 1.131 + 9.94 + 20.66 
0.1 M/ 0.01 M + 20.06 - 1.010 + 19.05 + 25.21 
0.05 M/0.005 M + 31.90 ~ 0.787' + 31*12 + 34.62 
0.02 M/0.002 M + 47.22 - 0.409- + 46.80 + 43.50 
0.01 M/O.OOl M •f 54.34 - 0.1787 + 54.16 + 46,67 
( Fig. 302 ) 
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Fig. 36. Plots of apparent mobility of anions versus LOG 1/Cj_ 
for various electrolytes (l) NH^Cl; (2)LiCl;(3)KC1; 
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Fig. 37. s of apparent mobility of anions versus LOG 1/GT 
various electrolytes (l)KNO 5 ( 2 ) K SO ;(3) CF^CC 
and (4) KgCgO^ across a Silver chloride'^embrane. 
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Fig. 43. Plots of apparent mobility of anions versus LOG 1/Ci 
for various electrolytes (l) NH4CI; (2)KC1; (3)LiCl! 
and (4) NaCl) across a Silver Tungstate Membrance. 
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Fig. 44 Plofcs of apparent mobility of anions versus LOG 1/Ci 
for various electrolytes (1) K2C9O4; (2) GH3COOK; and 
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Fig. 50. Plots of apparent mobility of anions versus 
LOfi 1/^1 for various electrolytes (1) NH4GI, 
'•\2) KCl: (3) LiCl. and (4) NaCl across a 























57. Plots of apparent mobility of anions against LOG 1/Ci 
for various electrolytes (l) K2SO4 5 ( 2 ) M O 3 :(3) K2C2O. 
and ( 4 ) CH3COOK across a Silver Phosphate Membrane 
-309-. 
The plots of log l/C^ ( Cj^  being the higher 
concentration ) against E^ , i.e. the membrane potential 
and also against apparent mobility are shown in 
Figs. 34-37; 41-44j 48-51 and 55-56, chapter III. 
The values of the transport number of cations 
i.e. t^ were calculated from the equation : 
Z ^ 2 ' E F Z ^ + - ra + 
" r — r < , Z.-^Z HT In "11- Zj. 2 
for different electrolytes at various concentration ranges. 
The transport number of the chloride ions in an inion 
membrane like permionic ARX - 44 were investigated by 
Clark et al» (5). They have plotted against N , 
where N is the geometric mean of Nj^  and N^* and N^ and 
are the concentrations of electrolytes across the 
membranes. The ratio Nj^ /Ng was always equal to 2. A 
similar procedure was adopted in the case of the 
membrane under investigation and log N was plotted against 
t^ ( for different cations) using different electrolytes, 
N here is the geometric mean of Cj^  and Cg i«e. the 
concentration of the two solutions across the membrane 
{ the ratio always kept equal to 10 ). and is shown 
in Figs. 38, 45, 52 and 57, Chapter III , From the 
figures it is quite clear that the values of transport 
number of cation goes on decreasing with concentration. 
Jacobs (57), while using membranes of polymethacrylic acid 
in KOH solution over a wide concentration range, found 
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Fig. 38. Plots_of transference numbers t+ as a function of 
Log (N X 10^), where N is the geometric mean of the 
concentrations C^ a^nd C2 for various electrolytes 
( 1 ) CH3COOK; ( 2 ) K2C2O4; (3) LiCl: (5) NH4Cl;(6)NaC: 
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Fig. 45. Plots.of transference numbers t+, as a function of LOG 
(NxlO^), where TT is the geometric mean of the concentrat: 
Ci and Cp for various electrolytes (l) K.FeCCN)^.;(2(KpCpO, 
(3) K^SOJ ; (4) CHoCOOK; (5) LiCl; (6)KN0^;(7) ^401; 
(8) NaCl; and (9) KCl across a Silver Tung state Membrane, 
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Fig. .52. Plots of transference numbers t + , as a function of log 
(K' X 10"^ ), whfire N is the geometric mean of the concentrt 
C and C for various electrolytes (l) CH^COOX: i^T^.Teii 
(3) KNOg ; (4) NH4CI; ( 5 ) LiCl- (6) NaCl; and (7) KCl aci 
a Silver Phosphate Membrane. 
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Fig. Plots of transference number t+, as a function of LOG 
(FxlO^) where W i s the geometric mean of the concent rat' 
C]^  and Cg for various electrolytes 
-314-. 
concentration of the electrolyte. 
These results of membrane potential studies can 
be interpreted in the light of TMS theory {39,40,46). 
This theory postulates a number of fixed charges on 
the pores of the membrane due to either adsorption or 
ionisation resulting in the setting up of a Donnan 
equilibrium with the fixed ions of the pores and those 
ii the bulk of the solution. The Donnan equilibrium 
governs • the distribution of solutes and the osaiotic 
forces determines, the distribution of water between 
the two phases. The activity of the mobile ions is 
given by the Donnan relation. According to the TMS theory 
( with various assumption suitable for a highly 
idealized system), the values of the transport number 
Oil>Jt related to the membrane potential and activity of 
the solution as follows (52) : 
E « { t. - t^ ) RT In m r. T - . F a 
where t^ and t^ are the transport numbers in the membrane. 
Rearranging and applying Nernst equation t 
RT a I 
max F a" 
the values of the transport number of cations are olvm by 
^obs 
t = + 0.5 
2 E max 
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Fig. 39: Variation of Perm-Selectivity Ps as a 
function of LOG 1/Ci for various electrolytes 
(1) KCl; (2) NaCl; (3) LiCl: (4) NH4CI; 
(5) MO3; (6) CF3COOK and (7) K2C204across 
a Silver Chloride'Me'iiibran-e. 
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Fig.:46: Variation of Perm-selectivity Ps as a function of 
LOG 1/Gi for various electrolytes (1) KCl; (2) NaCl; 
(3) LiCl; (4) NH4CI; (5) MOs; (6) CHyCOOK-, (7) K2C2O4 
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Fig. 53. Variation of Permselectivity Ps as a function of LOGl/Ci 
for various electrolytos <1) KCl; (2)NaCl; (3)LiCl; 
(4) NH4CI; (.=^ )CH3C00K; K2C2O4; and <7) KgFeCyg across a 
Silver Phosphate Membrane. 
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the t^ at a given value'of mejnbrane potential Ej^(obs) 
to the maximura membrane potential (max,). fn 
Winder, Bodaman, and Kunin (53) have given the 
following equation ( quoted by Lakshminarayanaiah (52)) 
K -
p a, 
® 1- t. 
relating the transport number to the perm-selectivity 
P^. According to Speigler^ Yoest, and Wyllie (54) the s 
perm-selective materials are defined as media which 
transfer certain types of ions in preference to others. 
Tolliday et al. (45) have reported that cupric ferrocyanide 
membrane behave siraila^fen some respect to the 
electronegative-collodion membranes of Karl Sollner. 
The values of Perm-selectivity calculated from the 
above Equation are given in chapter 111 whereas the 
plots of P^ and (P^ - i*®* the relative increase S S Sv SO 
in perm-selectivity against log i/C are shown in 
Figs. 39,40,46-47; 53-54; 58-59, Chapter III, A closer 
study of these figures show that the values of perm-
selectivity P_ are low for 1-1 type of electrolytes and 
increase with the increasing valency of the anions 
i.e. for 1-2, 1-3, and 1-4 types of electrolytes. 
The main results of all these investigations show 
that the membrane potential can be determined with 
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function of LOG l/Cj for various electrolytes (l)'CH3C00K; 
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solution the membrane potential is som&what closer 
to the maximum value ( highest value o£ t^ and therefore 
greatest value of perm-selectivity )«. 
With more concentrated solutions, this is not so, 
the membrane potential is progressively smaller than 
the maximum value, ^his is readily explained in terms 
of a decrease in membtane selectivity with increasing 
concentration of colon and the diffusion of electrolytes 
through the membranes» It is quite clear from transport 
number determinations that in the dilute ranges the 
membrane is becoming progressively more negative. _The 
* 
change in the value of ( P^ - P^^ is somewhat 5 30 SO 
abrupt in the dilute ranges. All ion exchange membranes 
lose perm--selectivity with increasing concentration of 
solution which they separate. The parchment supported 
membrane show high selectivity in dilute ranges. In 
some way these membrane are to some extent similar to 
the anion exchange type. This view is further confirmed 
by the observations of Heymann and Rabinov (55) that, 
like purified cellul6se-j» parchment also contains 
exchangeable cations and therefore, acid groups as part 
of its structure which may account for its negative 
charge. The exchangeable cations of this structure 
(parchment supported membranes ) will be free to move 
in the pores and give an apparent increase in the cation 
mobility and therefore a decrease in the anion mobility 
(vide figures LOG l/C vs. mobility^. Within the pores, 
there will be a dilute ionic atmosphere from the negatively 
-191-
charged walls. The thickness of this atmosphere 
depends on the electrolyte concentrations in very dilute 
solutions of the electrolyte which are in contact, the 
thickness becomes so great that only cations are 
present in the pores, and the membrane is cation 
permeable only ( high values of and P -« 
S 5 S O S O 
As the concentration increases, the thickness of the 
ionic atmosphere decreases, anions will also be present, 
at high enough concentration t h e ionic atmosphere will 
be negligible in comparision to the pore radius and the 
effect of the membrane vanishes. 
Wyllie, Yoest and Speigler (54) working on 
ion exchange resin solution system have explained the 
loss in perm-selectivity due to increasing penetration 
of anions and cations into cation end anion exchange 
resin respectively and also to water transport. If the 
solutions are concentrated. The membrane acts as an 
inert material, and the potential difference between 
the two solutions approaches the liquid junction potential'. 
-192-. 
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SUMMARY : 
Parchment supported Silver Chloride, Silver -
Tungstate, Silver Phosphate and Silver Ferricyanide 
membranes were prepared and were subjected to following 
studies : 
(i) Studies in membrane permeability P of 
various electrolytes using constant flow 
method, 
(ii) Determination of membrane resistance R^, 
membrane potential E^ ^ and diffusion rate Dj^  
of various electrolytes employing the 
method suggested by Kittelberger, and 
(iiiO measurement of membrane potentials for 
different electrolytes of various 
concentrations setting up concentration 
cells of the type described by Michaelis. 
The permeability results indicate that the per-
meability order of various anions ( constant cation ) 
is as follows : 
cr>»N03>>CH3C00:> S04> C204> FeCy=> FeCy^ 




These observations indicate that the free diffusion 
(ii) 
of various ions is restricted due to the imposition of 
membrane barrier and nov|iere the order of fipes 
diffusion, viz., 
F e C y ^ ^ F e C y ^ ^ S O ^ ^ C H g C O O ^ NO'^Cl was 
realized. 
The diffusion rate (Dj^ ) measurements indicate 
the following order of D^ ^ for various cations { anion 
remaining Cl"" in each case ) 
(a) 
(b) Ba 
Assuming that the factors like area and thickness 
of the membrane are equally operative in all the cases, 
the only factor which is found most likely to control 
the permeability is the physico-chemical natui-^  of the 
membrane vis-a-vis the electrolyte employed. From the 
purely physical point of view adsorption is found to 
be one of the main factors controlling the permeability 
phenomena. 
Measurement of permeability at various temperatures 
indicate it to be strongly temperature dependent. Plots 
of log P ( P being the permeability ) againstl/T ( T is 
the absolute temperature) gives a straight line whose 
slope is equal to - E/2.303 R . Thus activation energies 
of the diffusion procGss were calculated for various 
(iii) 
electrolytes. The values were found to lie between 
4 and 7 kcal niole~^ » 
The numerical values of Eyring activation 
parameters AHt , the enthalpy of activation,>Ast, 
the entropy of activation, and Act , the free energy 
of activation were also calculated with the help of 
following equations. 
The values of AHt were calculated from the 
activation energy E using the relation 
AHt = E - RT (1) 
The values of entropy of activationASt-v^rere 
then calculated using the relation 
D == ^ ^{kT/h) exp (Ast/R) exp ( - A n t/RT ) ...(20 
Where D is the integral diffusion coefficient 
of the solute within the membrane, Xis the distance 
between successive equilibrium positions of the 
diffusing.species and other parameters have their 
usual meanings. 
Assuming the vale of A to be equal to 3A® ( for 
uni-valent cations K"'', Na'*' and Li"*") and substitiiting 
the values of D in equation (2) the values of A s t were 
calculated. However, in the case of bi-valent cations 
(Ba ,Ca' , Mg' and Sr ) the values of entropy factor 
X(exp ! A s t /R)^] for diffusion have been calculated 
and compared with those for,free diffusion. 
(iv) 
The free energy of activation Act can - : then 
be calculated with the help of equation 
AGt = AHI^ - T AS+ 
It has been found that the values of Aot are 
> 
ail positive and are in the range 5-6 kcal mole*"^. 
This is in accordance witht the suggestion of Tien and 
Ting that Aofshould be positive { because a negative 
value for Acf would mean that the activated state 
posseses less energy which is highly, unlikely event). 
The values of the entropy of activation Asf 
are found to lie between + 0.7 and - 3.0 cal. dGgree^^mole*"^ 
The values of entropy factor X{e3ip ASf/ R are 
found to lie between 0*4 A^ and 1.5 A°. These 
•>u)t 
results clearly indicate that AST can'^ differ appreciably 
from zero which.is found to hold good for free 
diffusion. 
The permeability P of large .number of cations 
(with constant anion Cl7 only ) for example, Li"*", 
'4**)' 
Na , K , Ba , Ca , Mg etc., have been related 
to'the hydration number nj^ . This is the number of • 
bounder molecules of water in their hydration shell by 
the interaction of ions and surrounding water ( it is 
rather a number introduced to allow for the average 
effects of all ion-solvent interaction ). 
(v) 
The hydration number n^ plotted against log P 
gave somewhat a linear relationship in the case of 
uni-valent cations while in the case of bi-valent cations 
the curves pass through a maximum. According to the 
size and electrical charge pattern of a pore, it may 
either admit or repel an ion. This is the basis of 
ion-selectivity. It is visualised that the hydration 
of the material of the pores of membrane provide a 
favourable water environment for particular ions, so 
that they . slip into the pore away from their previous 
molecules. This results in a selection of a particular 
size with discrimination against both smaller and 
larger hydrated ions. To obtain a qualitative relation 
between the ease of penetration and the ion size, it 
is necessary to know the electrostatic force which 
acts between the ions and the membrane material, since 
this force provides the energy equal to AE to displace 
water of hydration. The plots of -AH ( heats of s 
hydration ) against P and H were found to be nearly 
linear ones. It has been earlier pointed out that'the 
order of ease of penetration of univalent cations 
depends upon the energy available from the ions fixed 
charge ( on the membrane ) interaction. The value of 
the energy of activation for Li^ was found to be 
nearly the same as that for K*^ , indicating 
the fact that Li"^  ions enter the pores with its hydration 
sheath. As the hydration and dehydration processes 
(vi) 
are closely connected with effective dielectric properties 
of the solvent i.e. water and as the thermodynamic changes 
during hydration are a jBeasyre of effective dielectric 
properties of solvent, the permeability P of various cations 
(Li , Na » K , Ba , Ca , Mg ) have been plotted against 
thermodynamic quantities and individual ionic properties. 
The graphical representation helps to understand the 
intricacies of the permeability phenomena. A simplified 
theory of specificity for the four alkaline earth cations 
(Mg , Ca , Ba and Sr ) in a cation exchange membrane 
with univalent negatively charged sites has been worked out 
by Sherry along the lines of Eisenraan's, treatment for the 
alkali cations. He has predicted seven selectivity sequences, 
a 
The order of Dj^  for alkaline earth cations in our case 
(Ca , Mg , Sr , Br ) is found to agree with one of 
them. 
The order of the membrane potential E^, membrane 
resistance R^, for various cations through the various 
membranes investigated are as follows : 
(1) Membrane Potential, E^ ,^ 
(a) 
(b) 
(2) Membrane Resistance, R^ ,^ 
(a) 
(b) Ba^^^Sr-^^^ Ca^^ 
(vii) 
These results also show that higher, the 
value of the membrane potential E^, higher would be 
the membrane resistance and lesser would be the in 
diffusion rate Dp^ . 
* 
The results described on the membrane potential 
measurements have been discussed in the light of 
various theories which postulated a number of fixed 
charges on the membrane pores, due to either adsorption 
or ionization and that an equilibrium is set up between 
the mobile, ions in the membranejpiiase and those in 
the bulk of the solution. Ionic selectivity and the 
effect^of concentration of the electrolytes have been 
dealt^in a very convincing way in all the four 
membranes. 
The results on the membrane potential studies 
show that the order 
( for K-salts ) 
and the order of cations is as follows : 
U) Lit>Nat>K'^ 
(b) Al^^''>Ba^^>Sr^t>Mg^t>Ca ++ 
Different concentration ranges ( M to 
0.002/0.0002 M ) were taken and it was found that in 
(viii) 
ail the cases, the order remaioSpractically the same. 
Another interesting feature of these studies 
is that the membrane potential increases with time, 
at first rapidly attaining a maximum value after a 
certain interval of time and then falls off slowly 
for all the electrolytes used. Although this behaviour 
was found to hold good for all the cases, the time 
required for the attainment of maximum potential was 
different for various electrolytes. The membrane 
potential was recorded with time. 
These results indicate that the ions are 
preferentially being adsori>ed at the surface of the 
membrane, making it progressively more electronegative 
in character. Once this saturate state is reached 
the membrane assumes charge stability and similar 
potential values could be realized for the entire 
diffusion process. 
The values of Donnan potentials, diffusion 
potentials and total membrane potentials for KCl, NaCl, 
LiCl and NH^Cl at various concentrations and the fixed 
ion concentration (wX ) of the membranes" investigated 
were calculated using Altug and Hair^ method. The 
fixed ion concentration of various membranes were found 
to be as follows t 
(cccxxxvi) 
concentrated solutions and"1-1 type of electrolytes, 
while in the case of 1-2 type of electrolytes it is 
fairly high, and for tri and tetra-valent anions 
it is found to be still greater. It has beert concluded 
from transport number determinations that in the dilute 
ranges, the membrane is becoming progressively more 
negative. The change in the value of ; (P^ -
is abrupt in dilute ranges. The membranes show high 
values of perm - selectivity in dilute ranges. As the 
membranes are parchment supported, they, like purified 
cellulose, contain exchangeable cations and therefore 
acid groups are parts of their structure, which may 
bccount for their negative charge. The exchangeable 
cations of this structure ( membrane structure) will 
be free to move in the pores, and give an apparent 
increase in the cation mobility, and therefore, a 
decrease in the anion mobility results. Within the -
pores there will be a diffuse ionic atmosphere from 
the negatively charged walls. The thickness of this 
atmosphere depends on the electrolyte concentration. 
In very dilute solutions of the electrolytes, the 
thickness becomes so great that only cations are 
present in the pores and the membrane is only cation 
permeable, as tho conrr Trrctio : incrorres, '.lie i'.ickness 
nf til ip lie L -osf'.jor 'Jo'-TP^ ses, anions -'ilj else be 
rrasoi^ it-in,/the forces, f'nd at high e ' c ncontr.,^ .ions, 
the iortic atmos'^ h^  ro v.-iil h" no'lirlMe in co.npariGon 
to the pore rc('>lus : nr' tl • "r.-t of tho m.-'-ibrp-t.- - -nishos, 
(x) 
The transport numbSs t^ have been plotted against 
log N, where N is the geometric mean of the two 
concentrations across the membrane. These results have 
been interpreted in the light of TMS theoyy. 
The values of the permselectivity P^ have been 
obtained the equation : 
' P_ = 
1 - t , 
where t^ is found to be equal to 
^obs 
T. == + 0.5 
9 E max 
This equation which relates the transport 
ngimber ( which varies with the concentration of the 
electrolytes across the membrane ) with the perm-
selectivity P values of the perm-selectivity show that 
it is highest for K^FeCy^ and least for KCl and also 
the values of the permselectivity increases with 
dilution. Permselectivity and relative increase in 
perm-selectivity ( ) ( where P^^ is the S 50 o w 
perm-selectivity at 0.2/0.02 M) - were plotted against 
log 1/C for different electrolytes. 
A closer study of these investigations show that 
the values of the perm-selectivity is very low in 
(ix) 
Membrane wX 
Silver Chloride - 0.03 W 
Silver Tungstate - 0.02 M 
Silver Phosphate - 0,02 N 
The electrochemical nature of the membrane and 
its influence on the mobility of anions were studied 
by calculating the mobility from the equation : 
u v 
Z^ "" Z__ RT p = Ir^  — 
Where the various terms used have their usual 
significance. By substituting the values of the 
4* "f* 
mobilities of K , Na and Li the apparent mobilities 
of the anions have been calculated. Membrane potentials 
and apparent mobilities were plotted against log 1/Cj^  
{C^ being the higher concentration ). 
The values of the transport number of the 
cations from the potential measurements were calculated 
from the equation : 
• E F t ( ) ^  
Z^ + Z^ RT In ^2 
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u v 
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